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RELATION OF PARTICLE SIZE AND CHARACTERISTICS OF LIGHT REFLECTED 
FROM PORCELAIN ENAMEL SURFACES* 


By C. H. ZWERMANN AND A. I. ANDREWS 


ABSTRACT 


Various opacifiers were added in increasing percentages to clear, regular white, very 
opaque white, and acid-resisting enamels. These were ground to various degrees of 
fineness from coarse down to a few microns or finer; they were applied to sample plates 


and their reflectances were measured. 


Increased opacity is obtained by extremely fine 


milling because of the excellent dispersion of the opacifiers. 


|. Introduction 
(1) General 


Porcelain enamels appear white because of finely 
divided transparent solid and gaseous occlusions in a 
clear, glassy matrix. The solid particles are undis- 
solved material added either to the frit or to the mill 
batch or they are particles crystallized from the cooled 
glass. The gaseous occlusions are occluded air or de- 
composition products. A certain thickness, varying 
with the enamel, is required to produce maximum re- 
flection of the incident light. Thinner coats appear 
gray because of the partial transmission of the light 
through the white layer and its subsequent absorption 
in the base metal or ground coat. If the suspended 
solid particles or glassy matrix show selective absorp- 
tion, scattering, or reflection, the enamel will appear 
colored. 


All of the properties of light, viz., reflection, scatter- 
ing (sometimes referred to as Rayleigh scattering), 
absorption, refraction, and diffraction, help to produce 
opacity in enamels. Reflection, scattering, and ab- 
sorption, however, are the most important factors. 
Light, in passing from a clear media of one index into 
that of another, is partially reflected at the interface. 
The amount is dependent on the original intensity of 
the incident light, the difference in indices of the two 
media, the angle of incidence of the light beam, and 
the area of the interface. Fresnel has developed 
formulas for calculating this reflectance.' If a curve 
for reflectance is plotted from a glass-air interface, the 
reflectance is shown to increase from 4% at normal in- 
cidence to 100% at glancing incidence for glass with an 
index of refraction of 1.5. Reflectance curves for 
glass-opacifier interfaces show that, for normal in- 
cidence, the reflectance from the glass-fluoride inter- 
face is less than 1%, about 2% for SnO,-glass inter- 
faces, and more than 6% for Sb,O;- and TiO;-glass 
interfaces. For air-opacifier interfaces with normal 
incidence, the reflectance from fluorides is around 
2%, glass 4%, 11%, and ZrO., TiO:, and Sb,O; 
more than 16%. These data show that occluded gas 
is desirable and that the higher the index of refraction 


* Based on thesis submitted by Carl H. Zwermann in 
partial fulfillment of the requirements for the degree of 
Ph.D. in Engineering, University of Illinois, June, 1939. 

Revised copy received November 30, 1939. 

1 R.W. Wooa, Physical Optics, 3rded. Macmillan Co., 
New York, N. Y., 1934; Ceram. Abs., 13 [8] 205 (1934). 
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of the solid opacifier, the higher the reflectance at the 
interface. The percentage of opacifier giving the 
maximum number of interfaces with the glass should 
give the best reflectance, and the finer the opacifier, 
the greater the reflectance per unit of weight. 


Rayleigh* and Mie* found that for particles up to 
one-third the wave length of light in diameter the light 
is uniformly scattered on both sides of the plane con- 
taining the particle and the normal to the incident 
beam. The intensity of the incident light returned in 
the direction of incidence increases as the square of 
the volume of the particle. The light sent out at right 
angles to the incident beam is totally polarized. Silber- 
stein,‘ Shoulejkin,* Gans,* and Blumer’ have found 
that for particles as large as one-third the wave length 
of light there is already a tendency for the light to be 
scattered in the forward direction. The rays in this 
direction have an intensity of 2.5 to 11 times greater 
than that in the opposite direction. Polarization is 
incomplete in this range, and it is displaced toward the 
direction of the transmitted rays. With particles 
larger than the wave length of light, the intensity in the 
forward direction increases rapidly until normal re- 
flection and refraction are reached. This change is 
gradual, showing the close relationship between scatter- 
ing, reflection, and refraction.* The foregoing applies 
to single particles far apart. If the spacing becomes 
too close, there will be destructive interference of 
the light from adjacent particles. 


* Lord Rayleigh, ‘‘Transmission of Light Through an 
Atmosphere Containing Small Particles in Suspension, 
and Origin of the Blue of the Sky,” Phil. Mag., Series 5, 
47 [287] 375-84 (1899). 

* Gustav Mie, “Beitrige zur Optik triiber Medien, 
speziell Kolloidaler Metallésungen,” Ann. Physik, Series 4, 
25 [3] 377-445 (1908). 

*L. Silberstein, “Transparency of Turbid Media,” 
Jour. Optical Soc. Amer., 15 [3] 125-30 (1927). 

5 W. Shoulejkin, “Scattering of Light by Very Big 
Particles,’ Phil. Mag., Series 6, 48 (284) 307-20 
(1924). 

*R. Gans, “Strahlungs Diagramme ultramikroskopis- 
cher cme Ann. Physik, Series 4, 76 {1] 29-38 
(1925). 

7H. Blumer, “Strahlungs Diagramme kleiner dielek- 
trischer Kugeln,”’ Z. Physik, 32 [May] 119-34 (1925); 38 
[July ] 304-28 (1926). 

*F. A. Jenkins and H. E. White, Fundamentals of 
Physical Optics. McGraw-Hill Book Co., New York, 
N. Y., 1937. 
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Light passing through a medium gradually dimin- 
ishes* in intensity because of absorption. This absorbed 
energy is transformed into heat, it is reemitted as 
fluorescent rays, or it produces a photochemical ret 
action. Absorption, within limits, is proportional to 
thickness. Enamels absorb some light, and it is only 
reasonable to expect a decrease in thickness to result 
in a decrease in absorption and to allow more light to 
be reflected. It is the actual light path and not the 
enamel thickness that must be considered. 

For a given wave length of light and a material of a 
given index of refraction, the intensity of the reflected 
light will increase inversely as the diameter of the par- 
ticles, and the intensity of the scattered light will in- 
crease as the third power of the diameter for a given 
weight of material. Thus, there is a size for each 
material at which it will give maximum opacity. 
Stutz and Pfund” have determined that the maximum 
opacity for ZnO, which has an index of refraction of 
2.0, occurs with particles 0.24 micron in diameter with 
light which has a wave length of 0.54 micron. Bech- 
hold and Hebler™ have shown that the maximum opac- 
ity for BaSO,, having an index of refraction of 1.64, 
occurs with particles 0.8 micron in diameter. The 
maximum opacity thus occurs in the range of particles 
whose diameters are of the order of the wave length of 
light. 


(2) Review of Literature on Particle Size in Enamels 


In 1922, Sweely and Prince’ found that a variation 
in fineness of grinding produced a variation in the 
opacity of the enamel and tha: higher opacities were 
obtained with finer milling. They recommended 
grinding the enamel so that 5 to 10% would be retained 
on a No. 120 sieve. (A No. 120 sieve has an opening of 
125 microns; a No. 200 sieve, an opening of 74 mi- 
crons; and a No. 325 sieve, an opening of 44 microns.) 

Figure 1 sums up all of the literature on fine milling. 
In 1935, Porter and Holscher,'* milling to a fineness of 
0.2% on a No. 325 sieve, obtained reflectances of 54% 
with a minimum application of 22 grams per sq. ft. 
In 1936, Bryant and Porter ™ obtained a reflectance of 
58% with a minimum application of 20 grams per sq. 
ft. Tin oxide, added at the close of the milling period 
rather than at the start, gave enamels with higher re- 
flectances. More than 12% mill additions of tin oxide 


® G. W. Morey, Properties of Glass. American Chemi- 
cal Monograph Series, Reinhold Publishing Corp., New 
York, N. Y., 19388; Ceram. Abs., 18 [2] 48 (1939). 

”G. F. A. Stutz and A. H. Pfund, “Relative Method 
for Determining Particle Size of Pigments,’’ Ind. Eng. 
Chem., 19 [1] 51-53 (1927). 

"tH. Bechhold and F. Hebler, ‘“Nephelometric Effect 
in Colloid Systems of Different Particle Sizes,’’ Kolloid Z.., 
31 [2] 70-80 (1922). 

12 B. T. Sweely and E. S. Prince, ‘‘Relation of Fineness 
of Grinding to Opacity in White Enamels,”’ Jour. Amer. 
Ceram. Soc., 5 {12} 855-57 (1922). 

18 R. Porter and H. H. Holscher, ‘“‘Use of Finely 
Milled Enamel Slips,’’ ibid., 18 [2] 39-42 (1935). 

4G. L. Bryant and F. R. Porter, “Effect of Mill Prac- 
tice and Mill Additions on Opacity of Enamels,” ibid., 19 
[2] 55-59 (1936). 


did not increase the reflectance. Danielson'® reports 
variations of 5% in the reflectance of enamels with 
variations in the type of clay used. The authors'® 
obtained increased reflectances of colored enamels 
by finer milling of the enamels. Andrews and King” 
reported that finer milling of the enamel should increase 
the reflectance because of better dispersion of the mill- 
added opacifier. Late in 1938, instead of the cus- 
tomary 3 or 4% on a No. 200-sieve fineness for 
enamels, some frit companies were recommending finer 
milling. By grinding a certain enamel to a fineness of 
1% on a No. 325 sieve and by adding 12% mill opaci- 
fier, reflectances of 62 and 72% were obtained with 
applications of 20 grams per sq. ft. and 34 grams per 
sq. ft., respectively." A new enamel, ground to a 
residue of 1 gram on a No. 325 sieve, showed a reflectance 
of 66% at 20 grams per sq. ft. and 72% reflectance at 
32 grams per sq. ft.” A manufacturer of opacifiers 
has recommended high mill additions of opacifier, viz., 
20% with fine grinding and 1% on a No. 325 sieve to 
decrease the thickness of enamel required to give good 
opacity.” Reflectances of 66% were obtained with 
applications of 20 grams per sq. ft., and of 72% at 
about 26 grams per sq. ft. 


(3) Purpose 

The purpose of this work was to determine the effect 
of extremely fine milling on the reflectance of porcelain 
enamels. Although fine milling was known to increase 
the reflectance, no work had been done on this type of 
milling. Extremely fine milling also might possibly 
improve the enamels. Much thinner layers could be 
used, which would increase their resistance to chipping 
and scratching and thus improve adherence. 

Maximum opacity should be obtained with one 
material suspended in another, when the suspended 
material is about the size of the wave length of light and 
the distance between the suspended particles is of the 
order of the wave length of light. For this condition, 
approximately 30 to 35% of suspended material and 
65 to 70% of liquid would be necessary. The higher 
percentage of liquid is necessary to fill the voids, as- 
suming that spherical particles are in the suspen- 
sion. Enamel opacifiers (gas and solid) in suspension 
have a tendency to form clusters rather than to dis- 
perse. Extremely fine milling, therefore, offers one 
method to obtain better dispersion of the particles in 
the enamel glass, and the reflectivity of the enamel is 
more nearly approached with thinner layers. In 


4% R.R. Danielson, ‘‘Effect of Clays on Opacity of White 
Enamel for Sheet Steel,’’ ibid., 19 [2] 59-61 (1936). 

1% A. I. Andrews and C. H. Zwermann, ‘Fundamentals 
of Color in Porcelain Enamels,”’ ibid., 22 [3] 65-72 (1939). 

7 A. I. Andrews and B. W. King, Jr., ‘““Mechanism of 
Mill-Added Opacity in Porcelain Enamels,” ibid., 22 
[6] 173-76 (1939). 

‘What About Fine Grinding,” Better Enameling, 9 
[12] 5-7 (1938). 
19 Ultra-Opaque Enamels,”’ Enamelist, 16 [4] 5-10 
1939). 

* W. V. Knowles, ‘‘Finely Milled, High Opacity Enam- 
els,” Ceram. Ind., 32 [3] 52-56 (1939); also Ceram. Age, 33 
[3] 72-73 (1939); Ceram. Abs., 19 [3] 61 (1940). 
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addition to the cost, the practical amount of opacifier 
that may be added to the enamel is limited, owing to 
the fusibility of the enamel. 

Extremely fine milling increases the exposed surface 
enormously and results in greater base-exchange ca- 
pacity and probably in greater solubility. A greater 
quantity of water is needed to suspend the enamel frit 
normally, and higher shrinkage tendencies, which ac- 
company higher water content, cause a defect known 
as “tearing.” By the use of liquids, which have a 
lower dipole moment™ than water, it was hoped to 
remedy this defect. 
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Reflectance (%) 
3 


Enome/ (gm/sqft) 


Fic. 1.—Reflectance curves: curve (1) work of present 
authors; (2) see Enamelist, footnote 19; (3) W. V. 
Knowles, footnote 20; (4) Bryant and Porter, footnote 
14; (5) Better Enameling, footnote 18; (6) Porter and 
Holscher, footnote 13. 


ll. Experimental 
Two 45-pound batches of each enamel were smelted 
in a rotary furnace at 2000°F. The batch compositions 
were as follows: 


Enamel No. 

Batch composition (1) (2) (3) (4) 
Feldspar 40.4 22.80 9.50 17.60 
Flint 18.1 21.13 39.00 23.47 
Borax 28.0 23.07 18.00 22.88 
Soda ash 3.8 6.34 10.00 6.70 
Soda niter 2.2 2.96 3.00 2.93 
Fluorspar 3.2 3.38 1.50 2.51 
Cryolite 2.3 10.14 8.38 
Zinc oxide 3.38 2.93 
Sodium antimonate 6.76 9.50 12.58 
Sodium silicofluoride 5.00 


Enamel No. 1 is a typical clear enamel used for 
colors; Nos. 2, 3, and 4 are regular white, acid-re- 
sisting, and very opaque white frits, respectively, 
identical in composition to some used by the National 
Bureau of Standards.” 


*1 Erhard Gruner, ‘‘Adsorptionssysteme von Kaolin und 
Tonen mit Flissigkeiten im Zusammenhang mit der Er- 
scheinungen der Plastizitat,”’ Z. anorg. allgem. Chem., 215 
[1] 1-18 (1933); Ceram. Abs., 13 [4} 101 (1934). 

2W.N. Harrison, R. E. Stephens, and S. M. Shelton, 

“Consistency of Eight Types of Vitreous Enamel Frits 
at and near Fi Temperatures,” Jour. Research Nat. 
Bur. Stand., 20 [1] 39-55 (1938); R.P. 1063; Ceram. Abs., 
17 [4] 134 (1938). 
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Five 100-gram batches were made up of the No. | 
clear frit, with varying percentages of clay or bentonite; 
tin oxide, Opaline,”* Opax, or titanium oxide, as the 
opacifier; and with various liquids, such as kerosene, 
turpentine, turpentine with Damar varnish; methyl, 
ethyl, butyl, and propyl alcohols; or distilled water, as 
the suspending media. These batches were ground 
for sixteen hours in small laboratory ball mills. Enough 
liquid was added to each batch to give a consistency 
equal to that of cream. The enamels were screened 
through a No. 325 sieve and were passed twice through 
a Premier colloid mill, operating at 17,000 r.p.m., with 
the disks set 0.002 inch apart. Test pieces, 4 by 4 
inches, of various kinds of iron, such as ground-coated, 
nickel-dipped, sand-blasted, oxidized, pickled, and 
crude, were sprayed with light coats and were fired in 
an electric furnace for three minutes at 1500°F. 

The best results were obtained with water as the 
suspending medium, bentonite for dry strength, and 
either Opaline, titanium oxide, or tin oxide as the 
opacifier. These materials were used in additional 
tests. The enamels, prepared as described, were 
sprayed on the 4- by 4-inch ground-coated, sheet-iron 
pieces. Ratios of 0 to 1.3 parts of opacifiers to 1 part 
frit were used. The firing time was varied from 3 to 4 
minutes, and the temperatures were 1500° to 1800°F. 
to obtain the best gloss. 

Tearing occurred in the pieces that contained high 
percentages of opacifiers. An addition of 0.5% NaNO, 
prevented tearing and improved the gloss remarkably. 
Applications of 20 grams per sq. ft. of frit to a ratio of 
opacifier greater than 1 to 0.6 did not increase the re- 
flectance materially. A microscopic examination of 
the enamel slip showed most of the frit particles to be 
only a few microns or smaller in size and a few particles 
as large as 30 microns. The latter were larger than was 
desirable and it was thought that the reflectance would 
be improved materially by their elimination. 

Fractionations of the milled No. 1 clear frit were made 
by allowing the ground material to settle in water for 
two hours and by removing the top 10 cm. Concen- 
trations of four parts by weight of frit to 96 parts water 
were used. A microscopic examination showed most of 
the particles to be below 5 microns in size. The frit 
was dried, and 150-gram batches were mixed with 
water for one hour in small laboratory ball mills with 
varying additions of opacifiers and suspending agents. 
The enamel was sprayed on 4- by 4-inch ground-coated 
sample pieces and dried at room temperature. Tearing 
occurred, especially on the heavier coatings, although 
it was minimized by the addition of bentonite and 
NaNO, The addition of 10% of a coarser fraction of 
frit eliminated the tearing, but this was getting away 
from the extremely fine milling that was sought. The 
soluble salts were concentrated in the finest fraction 
with water fractionations, and this seemed to increase 
the tearing. The fractionation should be made in air 
or in some liquid in which the frit is not so soluble. 


28 Opaline is a ceric oxide opacifier, made i in eae @ a 
used considerably in Europe. See H. Melzer, ‘ 
Wet and Powder Enamels,” Glashitie, 67 [34] 530-32 
(1937); Ceram. Abs., 17 [2] 57 (1938). 
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Roller * has developed an apparatus for the fractiona- 
tion of dry materials down to 0 to 5 microns in diame- 
ter, but this equipment is not suitable for handling 
large quantities of material. Commercial separators 
may also be used for fine fractionations, but it is diffi- 
cult to get clean separations of the finest fractions. 

Twenty pounds of each frit were milled dry and the 
powdered materials were fractionated with a laboratory 
classifier.* Each frit was passed five times through 
the classifier, with the air opening set at 2 inches and 
the mesh at °/\. inch, and two times with the air open- 
ing set at 2 inches and the mesh at '/, inch. This 
gave two fractions in addition to the rejects. Most of 
the fines of the first fraction were under 4 microns, al- 
though a few particles were as large as 10 microns. 
The particles in the second fraction were chiefly under 
12 microns with a few up to 20-micron-fines. Al- 
though these fines were coarser than desired, they 
were used in all of the fine milling tests which follow. 

Even with mill additions of 5% of bentonite and 
0.5% of NaNO, to which electrolytes, such as HCl, 
sodium silicate, sodium carbonate, and tannic acid, 
were added, tearing occurred in the fired enamels, both 
with slow and fast drying. The clear No. 1 frit showed 
the greatest amount of tearing. If, however, the frit 
could be “preshrunk” in some manner, it was thought 
that this defect might be eliminated. 

The frits were milled wet in a ball mill with various 
percentages of opacifiers, dried, passed through a No. 
20 sieve, and then heated in fire-clay crucibles in an 
electric furnace at temperatures varying from 900° 
to 1400°F. These frits did not cause tearing in the 
enamel when they were heated sufficiently. It was un- 
necessary to fuse them completely. Some shrinkage 
occurred, but the material was still friable. 

With a standard composition of 100 parts of frit and 
opacifier, 5% of bentonite, 0.5% of NaNO», and 100 
to 130% of water, batches of coarse-milled and fine- 
milled enamels were prepared, using all four types of 
frit and varying percentages of such opacifiers as 
Opaline, tin oxide, titanium oxide, Treopax, Opax, 
sodium antimonate, and antimony oxide. A few 
batches with red, blue, or green stain were also pre- 
pared. The 500-gram batches of the quenched frit 
and mill additions were milled to 1% fineness on a No, 
200 sieve or to 1% on a No. 325 sieve by the Standard 
Method for Fineness.** The 150-gram batches of the 
fine fractions of the four frits were milled with the 
opacifiers to insure a good mixture. They were then 
dried, passed through a No. 20 sieve, heated in re- 
fractory crucibles to 1000°, 1150°, or 1400°F., mixed 
wet with the proper mill additions for 1 hour in ball 
mills, and sprayed on the 4- by 4-inch ground-coated 
sample pieces. The pieces were dried at room tem- 
perature and were brushed, leaving an area of covered 


*%P. S. Roller, “Separation and Size Distribution of 
Microscopic Particles: Air Analyzer for Fine Powders,” 
Bur. Mines Tech. Paper, No. 490, 46 pp. (1931); Ceram. 
Abs., 10 [6] 448 (1931). 

* Federal Pneumatic Systems, Inc., made these frac- 
tionations. 

% “Report of Enamel Division Standards Committee, 
1930,” Bull. Amer. Ceram. Soc., 9 [9] 269-71 (1930). 


surface equal to 12 square inches. All enamel appli- 
cations were weighed to '/ io. gram, and the application 
was expressed in grams per square foot, the term used 
in commercial practice. At least four pieces were 
sprayed with each enamel to a thickness of 8 to 25 
grams per sq. ft. so that the reflectance curves could 
be plotted. Pieces of crude, pickled, nickel-dipped, 
and oxidized sheet iron were also sprayed as a check on 
the characteristics of the enamel used on such pieces. 
Most of the enamels were fired at the standard tem- 
perature and time, viz., at 1500°F. for three minutes, 
but a few were given a shorter heat treatment. 

Thickness measurements were made on several 
pieces with a General Electric electric thickness gauge. 

Reflectance measurements for green, blue, and amber 
filters and for specular gloss measurements were made 
on each piece with a Hunter multipurpose reflectometer. 
All pieces were refired for the same length of time 
and at the same temperatures as the first firings, and 
the reflectance measurements were repeated. Reflec- 
tance curves were drawn for most of the enamels to 
show comparisons of the frits, opacifiers, and fineness 
of milling. 

A microscopic examination of several of the fines, 
opacifiers, enamel slips, and fired enamels was made 
with a Leitz ultrapak microscope at magnifications up 
to 1000X. Thin sections of several of the enamels were 
examined under reflected and transmitted light, and 
photomicrographs were taken of some of the sections. 

Additional work was done on thin applications of 
extremely fine-milled ground coats and on the use of 
titanium oxide in extremely fine-milled white cover- 
coats. 


Ill. Results and Discussion 

Corresponding fractions of all frits seemed to con- 
tain the same size and distribution of particles. The 
Opaline, tin oxide, and titanium oxide particles were | 
or 2 microns in size or smaller; titanium oxide, however, 
was the smallest and Opax the coarsest. Photomicro- 
graphs (2), (3), and (4) in Fig. 2 show the different frit 
fractions, and (5) shows the Opaline. 

Considerable shrinkage occurred during the pre- 
heating of the enamei frit with the opacifier before 
there was sufficient fusion to prevent the agglomerate 
from being broken up. The best temperature for heat- 
ing varied with the composition of the frit and the 
amount and kind of opacifier added. The clear frit, 
which showed the greatest amount of tearing, should be 
well “preshrunk.”’ The other frits, which did not re- 
veal as much tearing, might not need preheating. The 
shrinkage is due to the rounding of the corners of the 
particles and the fusion of the extremely small particles. 
This reaction is valuable in two ways because it allows 
closer packing and also decreases the surface area and 
its accompanying solubility. 

In spraying, the water content was varied so that 
the enamel would smooth down when it was applied. 
Lower air pressures, viz., less than 40 lb. per sq. in., gave 
the best results. The high bentonite content aids ma- 
terially in the adherence of the dry enamel to the ground 
coat. It also requires more water to render the enamel 
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fluid, and it permits a larger amount of wet enamel to 
be applied and still maintain a low dry weight per unit 
of area. Not much difference was noted between the 
pieces placed in a drier and those dried at room tem- 
perature. A few of the enamels shorelined when they 
were dried too slowly. 


(1940) 


Photomicrographs (6), (7), and (8) in Fig. 2 show a 
regular two-coat white enamel and two extremely fine- 
milled enamels, one with 9% of mill-added opacifier and 
the other with 40% of opacifier. Their reflectances 
are 73.0, 74.8, and 76.0%, respectively. 

The reflectance curves in Fig. 3 are shown for clear 


(6) regular 


(5) Opaline; 


(7) one-coat white, clear frit plus 10% Opaline, 21'/, gm. per sq. ft.; (8) one-coat white, clear frit 


2 
2 
3 
= 
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(3) No. 1 frit 


No. (2) No. 1 frit, first fraction: 


ite, 55 gm. per sq. ft.; 


ph 
Opaline, 10.9 gm. per sq. ft 


Fic. 2.—Photomicrogra 
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No. 1 enamel without mill-added opacifiers. With ap- 
plications of 20 grams per sq. ft., fine milling increases 
the reflectance from 15 to 26%, chiefly owing to the 
decrease in the size of the gas bubbles present in the 
enamel, which gives a greater area of air-glass inter- 


milled clear enamel, overfired. 


Fic. 2 (concluded).—Curve (10) coarse-milled clear enamel, 1% on No. 200 sieve; (11) extremely fine-milled clear enamel; and (12) extremely fine- 


face. Photomicrographs (10) and (11) in Fig. 2 show 
thin sections, respectively, of the coarse and extremely 
fine-milled enamels. Each scale division equals 3.2 
microns. In the coarse-milled enamel, the bubbles are 
35 microns and smaller, whereas in the fine-milled 
enamels they are 5 microns and smaller. This clear 
enamel has quite a low viscosity. The firing time and 
temperature must be maintained; if they are over- 
fired, the bubbles increase in size and decrease in num- 
ber (see photomicrograph (12) in Fig. 2). This enamel 
is the same as (11), but it was fired harder. The gas 
bubbles in (12) are 15 microns and smaller and are 
caused by occluded air or by decomposition products. 
In the case of occluded air, the finer grinding produces 
smaller interspaces but a greater number of them. In 
the latter case, gas bubbles occur during the decompo- 
sition of the high bentonite addition. 

Figure 3 also shows an increase of reflectance with 
additions of 5, 10, 15, 20, and 30 parts of Opaline. 
A small addition of Opaline increases the reflectance 
tremendously, and with fine milling this increase is 
even greater. Good enamels with a reflectance of 
more than 70% may be obtained with applications as 
low as 10 grams per sq. ft. of 20 to 30% of Opaline. 
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Fic. 3.—Variation of reflectance with thickness of 
coarse- and fine-milled clear enamel frit with different 
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Reflectance curves of the extremely fine-milled enamels 
seem to approach a much higher limit than those of the 
coarse- or normal-milled enamels, which may be ac- 
counted for by the increase in reflectance owing to less 
absorption. 

Figure 4 shows the effect of the degree of frit fineness 
on the opacity, viz., that fine milling is extremely help- 
ful in increasing the reflectance of thin coatings. 
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Fic. 4.—Variation of reflectance with fineness of milling 
of clear enamel frit with 5% Opaline. 


Figure 5 shows the amount of reflectance when blue 
and amber filters are used in fine- and coarse-milled 
enamels (with Opaline as an opacifier) for the regular 
fire and a refire at the same time and temperature. 
The change in reflectance after refiring was negligible, 
which reveals the long firing range of these enamels. 

The use of tin oxide as an opacifier gave similar re- 
sults. Figure 6 shows the action of titanium oxide, 
which differs from the results in Fig. 5. After the 
coarse-milled enamels were refired, the reflectance 
drops off rapidly, especially with the heavier coatings, 
and the enamels have a definite yellow color. This 
color has been reported to be caused by the change of 
anatase to rutile. With the extremely fine-milled 
enamels, the reflectance does not change so rapidly after 
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Fic. 5.—Variation of reflectance using blue and amber 
filters with refired fine- and coarse-milled clear enamel 
frit and 15% Opaline (fired and refired at 1500°F. for 
3 minutes). 
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refiring, and a good white is obtained. The inversion 
of the anatase to rutile has been retarded. 

Figure 7 shows the relative opacifying power of the 
different opacifiers; Opaline and titanium oxide are the 
best, tin oxide is good, and the other opacifiers are not 
quite so good. In all cases, finer milling increases the 
reflectances tremendously. 
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Fic. 6.—Variation of reflectance using blue and amber 
filters with retired fine- and coarse-milled clear enamel 
frit and 10% titanium oxide (fired and refired at 1500°F 
for 3 minutes). 
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Figure 8 shows the rapid rate at which the reflectance 
of the clear enamel increases with small additions of 
Opaline as compared with tin oxide and Opax. 

The reflectance of fine- and coarse-milled blue and 
red enamels is shown in Fig. 9. The extremely fine- 
milled enamels have much greater reflectance, and it 
is possible to obtain brighter colors. 
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Fic. 8.—Variation of reflectance with various per- 
centages of Opaline in fine-milled clear enamel as com- 
pared with tin oxide and Opax. 


Figure 10 shows the structures of the fine- and coarse- 
milled blue enamels, photomicrographs (19) and (20), 
respectively. The chief difference, as with the clear 
enamel, is in the bubble structure. 

A comparison of the four enamels for various appli- 
cations without mill-added opacifiers is shown in Fig. 11. 
The very opaque white enamel gives the greatest 
amount of reflectance; the succeeding ones give less; 
and the clear enamel, the least. Figure 12 shows the 
relative reflectance of the four enamels with increasing 
Opaline content. The acid-resisting enamel has the 
lowest reflectance, probably owing to partial solution 
of the Opaline. The similarity of the other three 
curves and the rapidity with which they approach 
each other as small amounts of Opaline are added is 
remarkable. 

An application of 55 grams per sq. ft. of a regular 
white enamel in two coats shows a reflectance of 72% 
(Fig. 10, photomicrograph (24), note the large bubbles). 
Photomicrograph (23) shows a coarse-milled clear en- 
amel frit with 10 parts of Opaline. Large bubbles are 
present. With finer milling, these bubbles are absent; 
the enamel is more opaque, like the structure between 
the large bubbles in the coarse-milled enamel. 
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When the enamel was applied directly on iron, the 
best results were found with the clear frit which con- 
tained about 5% of Opaline. The impact test showed 
that the adherence was not so good on pickled steel as 
on regular cobalt ground coat, but when it was applied 
on iron oxidized at 1000°F. for five minutes, it was 


comparable. The iron in most cases had to be de- 
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Fic. 9.—Variation of reflectance with thickness of 
coarse- and fine-milled clear enamel frit with 5% of blue 
or red stain. 


formed to chip the enamel. Melzer and Budweis** 
recommend the use of cerium oxide in ground-coat 
enamels. This work shows it to be helpful in fine- 
milled enamels. By milling the groiad coat ex- 
tremely fine, it was possible to apply it successfully by 
spraying at a thickness of less than 0.002 inch. The 
substitution of bentonite for clay eliminated any ten- 
dency of tearing. 

Good results were obtained with further tests on the 
use of titanium oxide. A reflectance of 74% was ob- 
tained when 10 grams per sq. ft. of enamel, with 80 
parts of clear frit and 20 of titanium oxide, were ap- 
plied. With two refirings at 1500°F. for 3 minutes 
each, the reflectance dropped only 2%, and the enamel 
retained its whiteness. A titanium oxide enamel, 
milled extremely fine, showed a slight creamish dis- 
coloration after it was heated at 1500°F. for 10 
minutes. No rutile was apparent in X-ray diffraction 
patterns of the same enamel until it had been heated 
at the same temperature for 20 minutes. One speci- 
men heated for five hours was decidedly discolored, 
and its X-ray diffraction pattern indicated the presence 
of all rutile and no anatase. 


IV. Conclusions 

(1) A reflectance of 70% or higher may be obtained 
by extremely fine milling and with applications as low 
as one coat of 10 grams per sq. ft. compared to the 
two coats, e.g., that of 55 grams per sq. ft. formerly 
used and that of 35 grams per sq. ft., which was recom- 
mended this year. Mill additions of 20 to 25% of 
opacifier are advantageous. 

(2) The increased reflectance is due to the increased 
interfaces of opacifier and frit and to the increase in the 
number and the decrease in the size of the gas bubbles. 
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Fic. 10.—Photomicrograph (19) extremely fine-milled clear enamel with 10% blue stain; (20) coarse-milled clear 
enamel with 10% blue stain, 1 gm. on No. 200 sieve; (23) regular white enamel, 4 gm. on No. 200 sieve, applied 
55 gm. per sq. ft.; and (24) clear enamel with 10 parts Opaline, | gm. on No. 200 sieve. 


The latter factor is important because of the greater 
relative difference in the indices of refraction of the 
gas and of the enamel constituents. Part of the in- 
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Fic. 11.—Variation of reflectance with thickness of 
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crease in reflectance may be attributed to the decrease 
in absorption of the thinner coating of the fine-milled 
enamels, which allowed a greater amount of the light to 
be reflected. 

(3) The present method used to obtain a good dis- 
tribution of the opacifier is more advantageous than 
other methods because there is less chance for solubility 
or aggregation. 

(4) Extremely fine-milled enamels mature at a lower 
temperature than coarser fractions. 

(5) Additions of bentonite and of NaNO, and pre- 
heating the enamel frit with the opacifier to promote 
shrinkage are helpful in eliminating tearing. 

(6) Ground coats should be milled finer to decrease 
the size of the gas bubbles. The use of cerium oxide in 
fine-milled clear enamel, possibly on oxidized iron, may 
entirely eliminate the use of the ground coat. This 
offers a great opportunity for future work. 

(7) Extremely fine-milled enamels are less easily 
scratched because of the smaller bubbles in the struc- 
ture. 
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(8) The adherence problems of exiremely fine-milled 
enamels are different from those of the ordinary en- 
amels. 

(9) The use of extremely fine-milled enamels with 
colors gives more stable and brighter colors with a much 
lower percentage of additions of inert color stains. 

(10) The use of clear frit is recommended in ex- 
tremely fine-milled enamels because practically the same 
opacity is obtained as with very opaque frit. 

(11) Titanium oxide and cerium oxide give the best 
opacity to the enamel. 

(12) Closely allied with extremely fine grinding of 
enamels would be extremely fine grinding of some types 
of glazes for the glaze probably could be applied much 
thinner and there would be less likelihood of crazing. 

(13) The enamels may be ground fine, either wet or 
dry. The dry process was used in most of this work so 
that a better comparison of the different enamels could 
be obtained. 
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SOME ASPECTS OF THE SCUMMING PROBLEM* 


By G. H. SPENCER-STRONG AND L. J. MCMAHON 


ABSTRACT 


The two general types of scumming and their causes are discussed. The sulfate type 
of scumming is caused by sulfates either in the enamel materials or in the atmosphere to 
which the ware is exposed. Nonsulfate types of scums are usually caused by a combina- 
tion of factors, which include underfiring, excess water vapor in the furnace atmosphere, 
fineness of grinding, and mill additions, especially clays and opacifiers. 


|. Introduction 

Scumming is one of the most annoying defects en- 
countered by the average sheet-steel enameler. Scum 
due to sulfates has jong been known and widely com- 
mented upon in the literature, but a second type of 
scumming has been encountered recently in an increas- 
ingly large number of enameling plants, which results 
from a combination of factors entering into the enamel- 
ing process. 

The eradication of the nonsulfate type of scumming is 
considerably more difficult than the sulfate scum be- 
cause usually there are several contributing factors. 
The summer of 1938 was marked by the prevalence 
of unusually hot, humid weather throughout most of 


* Presented at the Forty-First Annual Meeting, Ameri- 
can Ceramic Society, Chicago, Ill., April 18, 1939 (Enamel 
Division). Received August 11, 1939. 


the United States, and at the same time the produc- 
tion schedules of most enameling plants were consid- 
erably below normal so that operators were attempting 
weekly schedules in two or three days of operation. 
The prevalence of nonsulfate scumming during this 
period was unusually high and was reported in many 
plants which have seldom complained of this defect. 
Scumming was also noted on enamels which had the 
reputation of being nonscumming. In view of the in- 
creasing prevalence of this defect and the contradictory 
nature of the information received from the field, study 
of the nonsulfate type of scumming was undertaken. 


Additional study of the sulfate type of scum was un- 
necessary because it has been thoroughly investigated 
and reported in the literature. A review of the litera- 
ture and general comments only are given on this sub- 
ject. 
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(1) Literature and General Considerations 

Sulfate type scums, as the name implies, are due to 
the deposition of a white, nonvitreous layer of a sulfate 
material on the surface of the enamelware during or 
after the firing process. Andrews") has shown that 
sulfate scum may be composed of a mixture of various 
alkaline sulfates and may be identified by scraping some 
of the material from the enameled sheet, dissolving it in 
water, and adding a few drops of barium chloride solu- 
tion. If the scum is a sulfate type, a dense white pre- 
cipitate of barium sulfate will be formed. Andrews and 
numerous other investigators' have shown that minute 
traces of sulfur in combustion gases which come in con- 
tact with ware because of a leaky muffle or other causes 
will give rise to this type of scumming. In fact, the 
sulfur dioxide present in the atmosphere of certain in- 
dustrial districts is sufficient to cause sulfate scumming. 
Sulfates in raw materials, such as electrolytes and es- 
pecially in coloring oxides of the cadmium sulfide type, 
may promote scumming. 

A further and even more distressing cause of the sul- 
fate scum arises from the exposure of finished enamel- 
ware to atmosphere in which there is a considerable 
amount of sulfate. For example, in storing enameled 
products, the smoke from industrial districts and loco- 
motives must not be allowed to come in contact with 
the ware. 

The storage of porcelain enamel refrigerators of types 
using sulfur dioxide as a refrigerant sometimes gives 
rise to scumming because of leaks in the refrigeration 
system. Fumes from pickle-room tanks where sul- 
furic acid is used may also cause this type of scumming. 
In one case, it has been reported that pickle-room 
‘(a) A. I. Andrews, Enamels, pp. 301, 302, 372. 
[win City Printing Co., Champaign, Ill., 1935; Ceram. 
Abs., 14 [6] 158 (1935). 

(6) A. I. Andrews, ‘‘Enamel Defects Due to Combus- 
tion Gases,’’ Enamelist, 7 [8] 11-12 (1930); Ceram. Abs., 9 
[12] 1026 (1930). 

(c) A.1. Andrews and E. A. Hertzell, ‘‘ Progress Report 
on Effect of Furnace Gases on Quality of Enamels,” 
Jour. Amer. Ceram. Soc., 13 [8] 522-29 (1930). 

(d) A.I. Andrews and E. A. Hertzell, ‘‘Effect of Smelter 
Atmospheres on Quality of Enamels for Sheet Steel,’ 
Univ. of Ill. Eng. Expt. Sta. Bull., No. 224 (1931); Ceram. 
Abs., 10 {9} 628 (1931). 

(e) G. H. McIntyre, ‘Influence of Furnace Gases on 
Porcelain Enameling,” Enamelist, 14 [4] 6-10 (1937); 
Ceram. Abs., 16 [6] 169 (1937). 

(f) H. E. Ebright and G. H. McIntyre, “Effects of 
Water Vapor on Porcelain Enamel During Firing,”’ 
Enamelist, 10 [6] 11-13 (1933); Ceram. Abs., 12 [8] 293 
(1933). 

(g) H. E. Ebright, G. H. McIntyre, and J. T. Irwin, 
“Study of Furnace Atmospheres and Temperature Gradi- 
ents and Their Effect on Porcelain Enameling,”’ Jour. 
Amer. Ceram. Soc., 18 [10] 297-302 (1935). 

(hk) J. T. Irwin, ‘‘Checking Furnace Firing Conditions,” 
i 12 [4] 18-19 (1935); Ceram. Abs., 14 [4] 87 

1935). 

(i) E. E. Geisinger and K. Berlinghof, ‘‘Effect of 
Furnace Gases on Glass Enamels,”” Jour. Amer. Ceram. 
Soc., 13 [2] 126-42 (1930). 

_ ()_ Discussion on “Effect of Muffle Atmosphere on Fir- 
ing Enamels,” Bull. Amer. Ceram. Soc., 3 [11] 487-42 


(1924). 
(k) H. Heimann, ‘‘Small Causes, Large Effects,” 
Céram., Verrerie, Email., 2 (3) 121-22 (1934); Ceram. Abs., 
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fumes, i.e., those which were carried out of the closed 
pickle room through a ventilator, traversed the entire 
length of the building over the roof, were blown into a 
window at the far end of the building, and caused bad 
scumming. 

Although the sulfate type of scum is a nuisance and is 
expensive, its cause may be rather easily discovered. 
Gummed bindings used on enamelware prevent the 
penetration of the scum, and laboratory experiments 
show that the application of certain synthetic resins will 
also protect the ware from this defect. The complete 
painting of large enameled pieces with such materials 
would be unduly expensive, but the black or dark por- 
tions of the ware, which show the scum most readily, 
could thus be coated. 

There is only brief mention in the literature of a non- 
sulfate type of scum. Geisinger and Berlinghof have 
reported' a frosting-like appearance on the surface of 
the enamelware that has been fired in atmospheres 
which have a high moisture content. McIntyre” 
states that theoretically the scum may be due to the re- 
action of fluorine gases coming from the enamel, with 
the moisture in the furnace atmosphere giving rise to 
the formation of hydrofluoric acid which attacks the 
enamel and leaves a siliceous crust on the surface. 

The studies of McIntyre and his colleagues" on the 
influence of furnace gases on porcelain enamel defects 
do not show scumming to be the result of furnace at- 
mosphere conditions. 

In his study of the effect of soluble salts formed dur- 
ing aging on the scumming of enamels, Whitesell* found 
the increase of soluble salts with aging to decrease the 
scumming tendency, and when the temperature was in- 
creased to over 100°F., the greatly increased amount of 
soluble salts further decreased the scumming tendency. 


ll. Method of Procedure 

The present investigation was actually carried out in 
three parts, viz., (1) an introductory survey of the prob- 
lem, (2) a field investigation in which the results of the 
laboratory work were compared with facts discovered 
in the field, and (3) a second laboratory investigation 
covering those phases of the work which the preliminary 
survey and the field survey showed to be pertinent. 

To simplify the present paper, the results of the lab- 
oratory investigations have been combined and those 
of the field investigation are appended in the form of a 
comparison of the laboratory results with the field 
results. 

A study of reports from the field indicate that several 
factors are involved in the scumming complaints, but 
the chief contributing causes seem to be overloaded, 
continuous furnaces with a considerable temperature 
variation, high humidity, and combinations of certain 
clays and opacifiers. 

Preliminary experiments showed that the nonsulfate- 
type scumming could be readily produced in the labora- 
tory. An enamel fired in the middle of the furnace 
where it was subjected to uniform heating might not 


*R. J. Whitesell, **Effect of Soluble Salts Formed During 
Aging on Scumming of Enamels,” Jour. Amer. Ceram. 
Soc., 20 [3] 72-75 (1937). 
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scum, but the same enamel applied on the test piece 
and fired with one edge adjacent to the furnace door so 
that a temperature differential of approximately 100°F. 
existed between the two ends of the plate produced a 
noticeable scum at the colder end of the plate. This 
method of firing was followed throughout the investiga- 
tion and will be referred to as “differential firing.” 

Throughout the investigation, standard 6- by 
8-inch, 18-gauge enameling iron sample plates were 
used. Cover-coat enamels were ground to 7% fineness 
on 200-mesh and were applied at 50 grams per sq. ft., 
except where otherwise noted. Differential firing was 
conducted in an electric laboratory furnace. 

The general mill formula used throughout the study 
was as follows: 


Frit 100 
Clay 8 
Opacifier 2 
Magnesium carbonate 
Water 38 


Except as noted, two frits, a superopaque frit, A, and 
an opaque frit, B, and crude German Vallendar clay 
were used. 


lll. Results 
(1) Frits 


The scumming tendencies of seven nonacid-resisting 
and one acid-resisting cover-coat enamel of the opaque 
and superopaque types were determined, and the effect 
of the use of crude and refined clays was noted. The 
behavior of the individual frits with the two clays dif- 
fered markedly with the exception of one frit which 
showed little or no scumming with either clay. A wide 
range of scumming between the different frits was 
noted. A comparison was made of the fluorine content 
of seven commercial enamel frits, ranging from clear 
glass to superopaque enamel, and of the Na,O content 
and B,O; and Na,O ratios of their mill liquors with 
their scumming tendencies. The enamels were milled 
with 6% German Vallendar clay (clay No. 10, Table 
IV). Table I shows the results of this test. 


TABLE I 


EFFrect OF FLUORINE CONTENT OF FRITS AND OF Na;O 
AND Na;O/B,0; Content oF Liguors 
on SCUMMING 


Humidity 

Frit NazO B:0;/ Scum (lb. H:O/ 

No. Type F: (mil./l.) (mm.) Ib. dry air) 
1 Clear 0.87 1.16 1.58 122 0.012 
2 Clear 2.11 1.80 1.35 110 012 
3 Opaque 7.20 1.76 1.32 95 012 
4 Opaque 7.10 2.42 1.19 70 012 
5 Opaque 5.19 1.95 1.24 40 012 
6 Superopaque 7.75 2.05 1.05 95 012 
7 Superopaque 6.72 2.27 1.22 115 012 


No correlation between the fluorine content of the 
frits or of the Na,O or B,O; contents was noted, which 
tends to disprove the theory that fluorine evolved from 
the enamels gives rise to nonsulfate scumming. 


(2) Clays 

Twenty-two clays from different shipments of foreign 
and domestic clays, both raw and refined, were tested. 
The effect of the drying temperature on the clays was 
studied. Eleven commercial enameling clays, includ- 
ing six domestic, one English, and four German Vallen- 
dar (raw Vallendar and Vallendar prepared by three 
different refining processes), were milled in amounts of 
4, 6, and 8% in superopaque enamel A without an opaci- 
fier. 

The twenty-two clays tested in the introductory sur- 
vey test showed a variation over the entire scumming 
range from no scumming to complete covering of the 
test plate with scum. The same enamels milled with no 
clay did not scum. 

Increased drying temperatures caused an increase in 
the scumming tendencies (see Table II). 


TABLE II 
EFrrect OF DRYING TEMPERATURE OF CLAYS ON SCUMMING 
Drying temp. (°F.) Scum (mm.) 
Air dried 40 
180 54 
900 150 


All of the clays in this test were milled according to 
the general mill formula (section II). Table III shows 
the results obtained with the eleven clays milled in vari- 
ous amounts with frit A without an opacifier. 


TABLE III 
EFrFrect oF CLAYS ON SCUMMING 
Scumming (mm.) at Moisture 
(Ib. H2O/Ib. 
Clay No. Type 4% 6% 8% dry air) 
1 Domestic None None None 0.0100 
2 ™ # Trace 22 .0101 
3 None 12 .0105 
4 17 .0105 
5 % sis 8 60 .0104 
6 English < None 17 .0104 
7 Domestic a Trace 10 .0098 
8 Vallendar 24 .0099 
10 10 50 .0099 
ll Trace 15 .0098 


When 8% of clay was added there was a wide varia- 
tion in the amount of scumming; very little scumming 
when 6% was added; and no scumming when 4% was 
added. These data tend to show that the scumming 
tendencies of clays are markedly increased by increases 
in the percentage of clay and that clays used without 
opacifiers will cause scumming, although the amount of 
scumming is apparently increased by the opacifier. 


(3) Opacifiers 

Six commercial opacifiers were milled in frit A in 
amounts of 2, 4, and 6%, and Table IV shows the results 
of the test. 

The effect of opacifiers on scumming seems to differ 
with various opacifiers. The amount of scumming in 
some cases was actually decreased, and with opacifier 
No. 6, it was entirely eliminated. In cases where scum- 
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ming accompanied the use of opacifiers, even though the 
addition of 2% of the opacifier decreased the scumming 
tendency of the enamel, this tendency was thereafter 
increased in every case by further additions of opacifier. 
The opacifier alone, however, is not responsible for 
scumming, but its use aggravates the scumming tend- 
ency which is caused by other mill additions. 


TABLE IV 


EFFECT OF OPACIFIERS ON SCUMMING 
Scumming (mm.) at 


Opacifier 
No. 


0% 2% 4% 6% 
1 35 40 60 
2 35 45 7 
3 35 10 14 18 
4 35 6 35 55 
5 35 Trace Trace Trace 
6 35 None None None 


Opacifier No. 2, 10%, no clay, no scumming 
Moisture (Ib. H,O/Ib. dry air), 0.0082 throughout. 


(4) Electrolytes 
The effect of nine electrolytes on scumming is shown 
in Table V. 


TABLE V 
EFFEcT OF ELECTROLYTES ON SCUMMING 
Frit B Frit A 
Electrolyte (mm.) (mm.) 
Regular (check on humidity) 150 
Sodium carbonate ('/;%) 150 
Sodium nitrite (*/s%) 150 
Boric acid (#/s%) 10 
Hydrochloric acid (1 cc./250 cc. slip) 125 
oe ( 5 ) 30 
No electrolyte 20 27 
Sodium nitrite ('/:%) 10 40 
Sodium aluminate 1/2} 15 50 
Barium carbonate ('/s%) | 6 55 
Barium chloride ('/s%) f 
Ammonium carbonate 20 None 
Magnesium carbonate ('/,%) 85 60 
Magnesium carbonate ('/2%) 20 35 


The basic or neutral electrolytes, in most cases, either 
increase or have no effect on the scumming tendency. 
Ammonium carbonate, boric acid, and hydrochloric 
acid decrease scumming; '/,% of magnesium carbon- 
ate increases scumming and '/,% decreases it. The 
effect of the electrolytes on scumming apparently is 
correlated with their action on the clays. 


(5) Drying Conditions 

Sprayed enamels were dried at 180°F. and 300°F. in 
humid and dry atmospheres, but the drying tempera- 
ture had little or no effect on the scumming condition. 


(6) Spraying 

Enamels were applied by wet and dry spraying. The 
wet spraying increased the scumming tendency; dry 
spraying decreased it; and a similar increase in scum- 
ming was noted when a freshly sprayed plate was 
tapped on a flat surface. The particle-size distribution 


(1940) 


Some Aspects of the Scumming Problem 


105 


and especially the final position of the fine frit and clay 
particles seem to be the governing factor in this case. 


(7) Fineness of Grinding 

In the preliminary survey, the enamels were milled 
to 1% on 325-mesh sieve, '/;% on 200-mesh sieve, and 
20% on 200-mesh sieve. The scumming tendency de- 
creased with the fineness of grinding. 

Frit A was then milled with Vallendar clay, using the 
opacifiers and finenesses in Table VI. The results are 
given in Table VII. 


TABLE VI 
Opacifier (%) Fineness 
None 1% on 325-mesh, '/; and 20% 
on 200-mesh 
8 and 12% opacifier No.3 5% on 200-mesh, 1% on 325- 
mesh 
8 and 12% opacifier No. 4 - 
TABLe VII 
RELATION OF FINENESS OF GRINDING TO SCUMMING 
Moisture 
Mesh fineness Scumming (ib. HxO/ 
(%) Opacifier (%) (mm.) Ib. dry air) 
20 on 200 None 0 155 0.0110 
1/, on 200 ” 0 35 .0110 
1 on 325 * 0 Trace .0110 
5 on 200 No. 3 8 77 .0075 
1 on 325 ” 8 None .0075 
5 on 200 ” 12 
1 on 325 " 12 82 .0075 
5 on 200 No. 4 8 64 .0075 
1 on 325 - 8 None .0075 
5 on 200 " 12 85 .0080 
1 on 325 - 12 25 .0084 


Although fine grinding greatly decreases the scum- 
ming tendency, the addition of high percentages of cer- 
tain types of opacifiers was found to offset to a consid- 
erable degree the advantages gained through the fine 


grinding. 


(8) Firing Treatment 

The effect of differential firing on the scumming tend- 
ency of enamels has already been noted. The pre- 
liminary tests showed the humidity of the furnace at- 
mosphere to exert a marked effect upon the scumming 
tendency, and high humidity atmospheres showed a 
much greater tendency to scum than the drier atmos- 
pheres. 

Frit B, milled without opacifier but with 6% Vallen- 
dar clay, was tested daily for scumming over a period of 
three months. Fresh millings were used for each test. 
The temperature was held at 75°F. =1°, and the 
extent of scumming was plotted against humidity (Fig. 
1). These tests show that atmospheric humidity has 
a much greater influence in nonsulfate-type scumming 
than was previously believed. 

Figure 1 shows that there is a mathematical relation- 
ship between relative humidity and scumming, i.e., 
that when the relative humidity rises above 33% at 
75°F., the scumming tendency increases and the higher 
the humidity the more rapid the increase in scumming. 
Air with 33% relative humidity at 75°F. contains 
0.0061 pound of moisture per pound of dry air. 
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Presuming that this amount of moisture is required 
to cause scumming, the higher the atmospheric tem- 
perature the lower the relative humidity that is required 
to cause scumming (see Fig. 2). Thus, if a 57% relative 
humidity causes scumming at 60°F., only 16% relative 


60 


Extent of scumming (mm) on 6*8 plate 


°2 36 40 44 48 52 56 
Relative humidity (%) 


Fic. 1.—Relation of temperature to relative humidity 
to scumming; enamel B, no opacifier. 


humidity is required at 100°F. In other words, the 
actual amount of water present in air varies with the 
temperature; e.g., there is more than twice as much at 
100°F. with 33% relative humidity than at 75°F. with 
the same relative humidity. With a 33% relative hu- 
midity at 75°F., a 50°F. differential fire is required to 
cause scumming, but during the summer months when 
the temperatures and humidities are higher, less under- 


firing would be necessary. 


(9) Cooling 
The cooling treatment had no effect on the scumming 
of enamels. 


IV. Comparison of Laboratory Results with Field 
Investigation 

A study of the scumming data produced in the labora- 
tory indicates that the firing, humidity of atmosphere, 
clays, opacifiers, and electrolytes are the major con- 
tributing causes of scumming. When these results were 
compared to actual plant investigations, an overloaded 
furnace chain and a differential temperature firing con- 
dition were encountered in practically every case of 
scumming. When the weatherturned warn. humid, 
scumming began, and it disappeared when the humidity 
decreased. In one plant, humidity was correlated with 
scumming tendency quite accurately; e.g., scumming 


began during the last week in June, when three con- 
tinuous days of high humidity were encountered, and it 
continued until about August 20, when it disappeared. 


60 


Relative humidity to scum 


20 
/0 
| 
oO 
60 70 80 90 /00 


Temp. (°F) 


Fic. 2.—Relation of relative humidity to scumming; 
enamel B, no opacificr, temperature 75°F. 


The moisture content as reported by the Weather Bu- 
reau during this time was as follows: 


Vapor pressure 


Month (mm. avg.) 
Before June <0.350 
June .457 
July .615 
lst 19 days in August .710 
Following 6 days . 550 


Where it was possible to compare different clays 
and opacifiers, their tendency to scum in the field 
agreed exactly with the laboratory findings. The 
laboratory results with electrolytes were also corrobo- 
rated in the field. 


V. Conclusions 

Nonsulfate scumming seems to result from the com- 
bined effect of the types of frit, clays, opacifiers, firing 
conditions, fineness of grind, wetness of spray, electro- 
lytes, and atmospheric humidity. Of these, differential 
firing, atmospheric humidity, and the types of clay and 
of the opacifiers used appear to be the major offenders. 
Of all the causes of scumming studied, clay was the 
only material or process, aside from highly exaggerated 
humidity, that would cause scumming unless one or 
the other factor was present. 
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It is indicated that nonsulfate scumming is caused 
by a reaction between clay and the moisture in the fur- 
nace atmosphere. Although the physical and chemi- 
cal properties of the clay which cause this phenome- 
non have not been isolated, it would appear that 
particles of clay may remain suspended in the mill 
liquor rather than attach themselves to the frit par- 
ticles and that they are carried to the surface of the 
enamel during the drying operation. The fluorine 
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etching theory of scumming has not been substantiated. 
In plant practice, an overloaded furnace giving rise to 
differential heating or an improperly designed furnace 
in combination with high clay and high opacifier con- 
tents appear to be the major causes of this type of scum- 
ming. 
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PHOSPHORUS STEELS FOR VITREOUS ENAMELING*- 


By C. H. Loric anp D. E. Krause’ 


ABSTRACT 


A summary is given of the tests which were conducted to appraise the utility of phos- 
phorus steels in vitreous enameling. Enameling tests were conducted on both killed 
and rimmed steels of low-carbon iron and steel with a phosphorus content up to 0.60%. 
Phosphorus was found to reduce the sag of laboratory-prepared enameling stock to a 


marked degree. 


killed steels were superior to rimmed steels in their sag resistance. 
to have no significant influence on common enameling defects. 
0.40%, it had no marked effect on the adherence of the enamel. 


The most effective range of phosphorus was from 0.10 to 0.15%, and 


Phosphorus appeared 
In amounts of less than 
The deep drawing quali- 


ties of the sheet, based on Olsen ductility tests, were somewhat impaired by phosphorus. 
This is in line with the strong tendency for phosphorus to raise the strength of the sheet. 


|. Introduction 

A summary is presented of tests which were con- 
ducted to appraise the utility of phosphorus steels in 
vitreous enameling. 

Except for a recent patent,' nothing has been pub- 
lished on the use of phosphorus in enameling irons and 
steels. Although opinions differ as to ideal compositions 
of sheet for enameling, it is generally held that as far as 
chemical analysis is concerned the sheet should be low 
in carbon and in other metalloids. Sheets which are 
low in phosphorus have been the rule, the generally 
accepted maximum being 0.04%. 

One characteristic effect of phosphorus that should be 
of value in enameling sheet is the increased hot strength 
and resistance to deformation at high temperatures that 
it confers to steel. Cross and Krause* reported the re- 
sults of short- and long-time tension tests on a variety 
of low-carbon and low-alloyed steels with varying per- 
centages of phosphorus. These writers clearly demon- 
strated that phosphorus raises the tensile and yield 


* To be presented at the Forty-Second Annual Meeting, 
American Ceramic Society, Toronto, Canada, April 9, 
1940 (Enamel Division). Received January 26, 1940. 

Metallurgists, Battelle Memorial Institute, Columbus, 
Jhio. 

'D. E. Krause (Monsanto Chemical Co.), “‘Vitreous 
Enameled Products,’’ U. S. Pat. 2,109,271, February 22, 
1938; Ceram. Abs., 17 [5] 176 (1938). 

7H. C. Cross and D. E. Krause, “Phosphorus as an 
Alloying Element in Steels for Use at Elevated Tempera- 
tures,”’ Metals & Alloys, 8 [2] 53-58 (1937). 
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strength of low-carbon steel at temperatures of 750°, 
850°, and 950°F. with little change in static ductility 
and that it produces increased resistance to deforma- 
tion under sustained load at these same temperatures. 
A phosphorus content of about 0.10 to 0.35% was effec- 
tive, and the high-temperature properties improved 
with increased phosphorus content. Speller® also re- 
ported an increase in the tensile strength of low-carbon 
steel at temperatures from 600° to 1000°F. when the 
phosphorus content was raised from 0.013 to 0.103%. 
The temperatures covered in the investigations men- 
tioned were not as high as the maturing temperatures 
for vitreous enamels. [It was reasoned that higher 
phosphorus in enameling iron and steel might effect 
improvements in strength at enamel maturing tem 

peratures. Higher hot strength of enameling sheet 
should decrease the amount of sag during firing and 
should simplify to some extent the enameling process. 


ll. Experimental Work on Phosphorus-Bearing 


Enameling Iron and Steel 


(1) Preparation of the Enameled Sheet 

The sheets used in the enameling tests were prepared 
in the laboratory from heats of ingot iron, ferrophos- 
phorus, and other minor additions that were cast into 
13- or 14-Ib. ingots. The ingots were hot-rolled, 


3 F. N. Speller, ‘“‘Discussion,’’ Proc. A.S.T.M., 24 [Part 
II} 162-64 (1924). 
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pickled, and cold-rolled to 20- or 22-gauge sheet, after 
which the sheets were either annealed or normalized. 
Enameling sheet of the type being considered is usually 
a rimming steel or low-carbon iron with a total metalloid 
content of not more than 0.15%. In this work, how- 
ever, tests were run on both the killed and the rimmed 
steels and on the low-carbon iron with a phosphorus 
content up to 0.60%. 

The cleaning, pickling, and rinsing of the sheet pre- 
paratory to enameling followed closely commercial prac- 
tice. The enamels were milled from standard com- 
mercial sheet-iron frits to fineness values recommended 
by the suppliers. The weight of application varied 
somewhat between tests, but it was about 1'/, to 1°/, 
ounces per sq. ft. of sheet of dry enamel for the ground 
coat, which was applied by dipping on the two surfaces, 
and 1'/, ounces per sq. ft. of surface for each of the 
cover coats, the latter being applied by spraying only 
one surface of the sheet. The firing temperature dur- 
ing enameling varied with the type of enamel frit used, 
but it fell within the temperature range of 1500° to 
1600°F. 

Sag and adherence tests were made on the sheets and 
the surfaces were examined closely for defects. 


(2) Physical Properties of Annealed Phosphorus- 
Bearing Sheet 
Representative physical properties of annealed, en- 
ameling iron sheet containing phosphorus are listed in 
Table I. These irons were of the killed type and con- 
tained 0.01 to 0.03% C, 0.03 to 0.06% Mn, 0.02 to 
0.07% Si, less than 0.03% S, and phosphorus as shown. 


(3) Sag Tests 

A preliminary test on the sag resistance of high 
phosphorus sheet was conducted at Battelle on 22- 
gauge annealed specimens, 4 by 10 inches in size, using 
an unsupported span of 8'/; inches. With a series of 
enameling irons, containing from 0.005 to 0.40% phos- 
phorus, the measured permanent deflections or sag after 
firing were of the following order of magnitude: 


Phosphorus Permanent deflection 
content (inch) 
0.005 0.10 
0.110 0.00 
0.210 0.02 
0.400 +0.02 (arched upward) 


The irons were enameled with a ground coat and two 
cover coats. 

The Inland Steel Company conducted standard sag 
tests on three aluminum-killed irons (furnished by 
Battelle) containing 0.02 to 0.03% C, 0.03 to 0.05% 
Mn, 0.016% Si, under 0.03% S, and about 0.016% re- 
sidual Al. The 22-gauge irons, which contained 0.16% 
P, were box-annealed for 5 hours at 1350°F. and were 
given a ground and a heavy cover coat of enamel. 
The amount of sag in this case was from 0.06 to 0.12 
inch, whereas regular enameling stock of the same 
gauge gave a minimum of 0.30-inch sag. To compare 
their sag resistance further, a specimen of the high phos- 
phorus iron and a specimen of the regular enameling 
stock were ground coated and fired at 1600°F. The 
former sagged 0.13 inch and the latter 0.39inch. After 
applying a white cover coat and firing, the high phos- 


Fic. 1.—Comparative amounts of sag after enameling; regular enameling iron at top; experimental, high phos- 


phorus iron (0.16% P) at bottom (approximately 0.6 x). 


TABLE I 
REPRESENTATIVE PHYSICAL PROPERTIES OF ANNEALED PHOSPHORUS-BEARING ENAMELING IRON SHEET 
Strength 
Elongation in Olsen ductility 
Tensile Vield 2 inches 
Material Phosphorus (%) (Ib. /sq. in.) (ib./sq. in.) (%) Inch Load (Ib.) 
Commercial 0.003 0.370 1500 
. 290 1000 
Experimental .005 40,700 20,000 30 . 290 1100 
is 11 46,900 24,400 27 . 362 2000 
” 16 56,000 35,400 29 . 368 
~g 21 55,000 37,200 31 .345 2400 
a 40 67,700 51,400 29 .328 2800 
60 73,800 57,100 23 . 190 1500 
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TABLE II 
SaG VALUES FOR RIMMED AND KILLED PHOSPHORUS-CONTAINING ENAMELING STEELS 


Box annealed (1300° F.) 


Normalized (1800°F.) 
Box annealed (1300°F.) 


Composition (%) 


, Rockwell Olsen Sheet Amount Rockwell Olsen Sheet Amount 
Cc Mn Si SS) P hardness ductility auge of hardness ductility auge of sa 
“_ (inch) inch) (inch) number (inch) finch) (inch 
Rimmed steel 
0.06 0.015 0.003 0.027 0.007 45 0.375 0.0395 0.53 43 0.375 0.0385 0.58 
.08 .017 .003 .029 .117 57 . 347 .040 .33 53 . 358 .0375 .48 
.08 .013 .003 .032 .144 51 . 334 .03875 . 26 52 862 .0395 
.08 .012 .003 .029 .157 63 .349 .039 . 36 57 . 359 .0375 .47 
.08 .014 .003 .027 .180 63 .343 .0875 .32 59 .348 .0363 .69 
.07 .013 .003 .029 .226 65 .349 .0395 .23 64 . 302 .038 .37 
Killed steel 
0.06 0.042 0.003 0.029 0.008 50 0.355 0.039 0.33 40 0.400 0.037 0.27 
.05 .052 .003 .027 .108 62 . 367 .040 .17 61 . 365 .038 .20 
.04 .055 .004 .028 .134 63 . 363 .0395 .23 58 . 360 .0385 .18 
.03 .058 .005 .028 .158 66 . 366 .040 .21 64 .374 .038 .20 
.08 .057 .004 .027 .181 68 . 363 .040 .18 66 . 339 .0375 .19 
.08 .049 .005 .027 .208 71 .357 .040 .09 69 .353 -038 .17 


phorus iron arched upward, showing a ‘negative sag” 
of 0.09 inch, whereas the regular enameling stock still 
showed a sag of 0.31 inch. Figure 1 sliows the com- 
parative amounts of sag. 

On other standard sag tests run (by the Inland Steel 
Company) on killed and rimmed steels, prepared at 
Battelle, the phosphorus content of the steels covered 
a range up to 0.226%. The high carbon content of 
the heats, whose compositions are listed in Table II, 
would class all but two of them as enameling steel and 
not as enameling iron. The two exceptions are the 
heats listed under killed steels which contain 0.03 and 
0.04% carbon. The fact that the majority of these 
materials are steels and not irons should be kept in 
mind, for example, when their sag resistance is com- 
pared with that of the three aluminum-killed irons men- 
tioned before. 

These steels were tested in the normalized, in the 
normalized and box-annealed, and in the box-annealed 
condition. The results of the sag tests on these ma- 
terials, after box annealing at 1300°F. and after nor- 
malizing at 1800°F. and box annealing at 1300°F., 
have also been listed in Table II. 

In these tests, the normalized and box-annealed 
samples of the killed steels with 0.10 to 0.20% P sagged 
far less than is usual for enameling iron, and they were 
satisfactorily uniform in behavior. The rimmed steels, 
on the other hand, varied considerably in sag resistance. 
Whereas the addition of phosphorus in the rimmed 
steels had the same general effect, though with a more 
variable response than it had in killed steels, a con- 
siderably higher phosphorus content apparently would 
be required to reduce the sag to that of the killed steel 
with only 0.10% P. 

The test materials employed in these sag-resistance 
studies were prepared at Battelle. Several lots of 
phosphorus-bearing irons were processed under steel- 
plant production conditions, none of which duplicated 
the degree of improvement in sag that was obtained in 
the laboratory-produced irons. The underlying causes 
of this difference in behavior between the irons pro- 
duced in the laboratory and those in the steelworks 
have not yet been determined. 
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(4) Adherence Tests 

An impact test was employed to determine the rela- 
tive adherence of enamel to flat sheets of varying 
phosphorus content. Little difference in adherence 
could be noticed until the phosphorus content was more 
than 0.4%. A0.6% P iron showed poor adherence, but 
no difficulty was encountered in getting good adherence 
on flat sheets which contained up to 0.40% P. 


lll. Discussion 

From an enameling standpoint, the high phosphorus 
materials enameled as well as regular enameling stock. 
The phosphorus content which is required to produce 
such beneficial results as have been described has not 
been found to promote any of the usual enamel defects, 
such as copperheading, blistering, reboiling, and fish- 
scaling. In fact, larger amounts of phosphorus than 
those mentioned here may be added and these benefits 
still be obtained, although the writers believe that the 
phosphorus content should be held below 0.40% in 
cases where enamel adherence is important. 

The popularity of the enameling iron with low total 
metalloids is due to the uniformly high quality of the 
enamel coat or freedom from enamel defects, to its 
ability to withstand relatively severe drawing opera- 
tions, and to its freedom from warpage or its warpage 
resistance as compared to steel. It is used in spite of 
certain shortcomings or limitations which this product 
is known to possess. For example, no element is pres- 
ent which confers strength at the firing temperature, 
and hence, only the resistance to sag of pure iron and 
that gained through special processing of the sheet is 
available. 

Phosphorus appears to give the enameling iron and 
steel increased stiffness at high temperatures, and this 
was reflected in a marked reduction in sag during firing 
of the sheet made in the laboratory. The sag resistance 
at high temperatures increased with the phosphorus 
content, and the phosphorus appeared to be most effec- 
tive in the range up to 0.1 to 0.15%. The results of the 
sag tests show that the treatment the material received 
is another important factor. Killed steels were mark- 
edly superior to rimmed steel not only in sag resistance 
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but in their uniformity of behavior. A box-annealing 
treatment, furthermore, gave better results than a nor- 
malizing treatment, though the difference in sag re- 
sistance between annealed and normalized stock was 
important only in the case of rimmed steels. The varia- 
tion or uncertainty of sag resistance in the rimming 
steels which have been studied suggest a decided ad- 
vantage for the killed type of iron or steel. This ad- 
vantage of killed steel from a standpoint of sag resist- 
ance should not be construed as indicating that killed 
steel also excels as an enameling product. Experience 
has proved that this is not true. Sheets rolled from 
killed heats show considerably more enamel defects 
than those rolled from rimming heats, and many con- 
sumers of enameling sheet for this reason have stand- 
ardized on rimming steel because of its better enameling 
quality. 

At room temperature, phosphorus raises the strength 
of iron or steel; this was particularly reflected in the 
yield strength. As the enamel layer is not damaged 
by deformations below the yield point of the base 
metal, an increase in yield strength should mean more 
satisfactory ware. 

Phosphorus has another important effect in raising 
the A; transformation temperature of iron at which a 
marked volume change occurs both on heating and 
cooling. This transformation takes place in enameling 
iron at about 1670°F., and to avoid the warpage that 
would be produced if this volume change were in- 
curred in firing, frits are used whose maturing tem- 
peratures lie below 1670°F. Although a portion of the 
enameling industry uses enamels which may be fired at 
temperatures below that at which warpage occurs in the 
low-phosphorus enameling bases, an important branch 
of the industry is concerned with the use of the higher 
fusion enamels, which provide resistance to chemical 
attack and other advantages. Higher firing tempera- 
tures, which are permissible with the phosphorus-bear- 
ing irons and steels, will likely prove valuable for this 
purpose. 

Various improvements may be expected from the 
addition of phosphorus. Enameling iron of the rim- 
ming type is red-short owing to its oxidized condition. 
Manganese may be added to eliminate some of the 
shortness and thus to improve the rolling of sheets, 
but 0.3% Mn lowers the A; point by about 75°F. 
Enameling iron, furthermore, has practically no 
strengthening elements, and if carbon, for example, is 
added, this element also lowers the A; transformation 
temperature. This transformation occurs with 0.15 
to 0.20% C (with low P) at about 1540°F., but it is 
raised to 1595°F. by the addition of 0.1% P and to 
1650°F. by 0.2% P. Thus phosphorus seems to give 
a wider firing range of irons or steels and greater lati- 
tude to the use of manganese and carbon for metallur- 
gical or mechanical reasons. 

Phosphorus-bearing enameling iron, in the present 
state of the art, is not subject to the degree of deep 
drawing as is that of standard enameling iron. Phos- 
phorus increases the stiffness of the sheet, which makes 


some of the forming, drawing, and spinning operations 
more difficult. This characteristic influence would not 
be important for simple shapes and plain parts, but it 
may present problems when deep draws and stampings 
are required. There seems to be no reason, however, 
why the advantages of phosphorus additions cannot 
be realized for many applications, such as flat stock 
and simple shapes. 

Earlier in this paper it was stated that mill develop- 
ment work on phosphorus-bearing enameling irons has 
been unable to substantiate some of the conclusions 
based on results actually obtained in the laboratory, 
particularly in relation to improved sag resistance. No 
commercially produced sheets therefore are available at 
this time. The beneficial influences obtained from the 
phosphorus irons and steels produced in the laboratory 
nevertheless should warrant the serious attention of the 
enameling industry. As a base metal for enamels with 
higher maturing temperatures, such as chemically re- 
sistant enamels, the phosphorus irons with their im- 
proved resistance to sag and a high transformation 
temperature should be useful. 


IV. Summary 

(1) Phosphorus reduces sag of laboratory-prepared 
enameling stock to a marked degree. It does not 
appear necessary to add more than 0.10 to 0.15% P, 
as larger amounts of phosphorus did not continue 
to reduce the sag to any extent. Killed steels were 
markedly superior to rimmed steels in their sag re- 
sistance and gave more uniform results. 

(2) From an enameling standpoint, it appeared more 
desirable to gain strength in the sheet with phosphorus 
than with carbon. 

(3) The A; transformation temperature of enameling 
iron is raised by phosphorus. The danger of warpage 
from phase changes during the enameling process may 
therefore be lessened by an increase in the phosphorus 
content of the sheet. 

(4) As far as could be determined, phosphorus in 
enameling iron and steel does not promote or reduce the 
common enameling defects. 

(5) In amounts of less than 0.40%, phosphorus in 
flat sheets appeared to have no marked effect on the 
adherence of enamel; the adherence was impaired by 
phosphorus contents above 0.40%. 

(6) Drawing qualities of sheet are somewhat im- 
paired by phosphorus, as shown by Olsen ductility 
tests. 
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AN INVESTIGATION OF THE VOLATILITY OF GLAZE CONSTITUENTS BY 
THE USE OF THE SPECTROGRAPH* 


By H. C. Harrison, W. G. Lawrence, anv D. J. Tucker’ 


ABSTRACT 


A procedure, developed for the study of volatile glaze constituents, consists of heating 
the glazes beneath an absorbing medium which is subsequently tested by the spectro- 


graph for the volatilizable constituents evolved. 


Data are presented showing tempera 


tures at which certain important glaze constituents begin to volatilize, the order in which 
they leave the parent glaze, the influence of glaze composition on the volatilization tem- 
perature of each volatilizable constituent, and the effect of heat treatment on the vola- 


tilization temperatures. 


|. Introduction 

Certain phases of glaze behavior were investigated, 
viz., (1) a qualitative study of some glazes to determine 
which of the constituents are volatile at chosen tem- 
peratures, (2) the ability of certain ceramic materials 
to function as an absorbent for these volatile constitu- 
ents, (3) the lowest temperature at which a detectable 
amount of each constituent leaves the parent glaze, 
(4) the influence of glaze composition, and (5) the ef- 
fect of heat treatment on the volatilization tempera- 
tures. 


ll. Test Apparatus 

Figure 1 shows the equipment used in vaporizing and 
absorbing the glaze constituents. Because of the ex- 
treme sensitivity of spectrographic analysis, special 
care was taken to prevent contamination. The glaze 
specimen was placed in the bottom of the large crucible, 
which was 1 inch in diameter at the bottom, 2 inches at 
the top, and 2'/, inches high. The absorbing agent 
was contained in the smaller crucible, which was sup- 
ported above the glaze by a clay triangle. The top of 
the larger crucible was covered with a loosely fitting lid 
made of the same material as the crucible. This ap- 
paratus was placed inside a silicon carbide muffle of a 
gas-fired furnace so that the glaze could be subjected 
to the heat treatment necessary to assure the absorption 
of the vapors for spectrographic analysis. The cruci- 
bles and covers were made of a vitreous whiteware 
body of the following composition: English ball clay 
12.5, Kentucky ball clay 12.5, English china clay 17.5, 
Harris Lundy clay 7.5, flint 25.0, and Oxford feldspar 
25.0%. The crucibles were fired to cone 11, and a 
spectrogram of the fired crucibles showed that they did 
not contain any of the volatilizable constituents 
studied. 

A large Littrow model quartz spectrograph was used, 
and the arc method of spectral excitation was em- 
ployed, using the direct current arc. Acheson graphite 
electrodes of low ash content, purified copper electrodes, 
and iron reference electrodes containing known impuri- 


* Presented at the Forty-First Annual Meeting, Ameri- 
can Ceramic Society, Chicago, Ill., April 20, 1939 (Sympo- 
sium on Glaze Properties). Received June 23, 1939. 

t H. C. Harrison is Assistant Professor of Chemistry and 
W. G. Lawrence and D. J. Tucker are senior students at 
the New York State College of Ceramics, Alfred, N. Y. 
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ties for use as additional references were employed. 
Eastman No. 33 and Eastman process spectrographic 
plates were selected for their contrast, fineness of grain, 
wide working range, and ease of handling in the dark 
room. The plates were developed with Rytol de- 
veloper and were fixed in an acid-hardener fixing bath. 
The plates were dried and studied on the viewing stand 
and by the projection method. 


ill. Preliminary Tests 

A preliminary investigation was necessary to deter- 
mine the most suitable substance to be used as the ab- 
sorbing medium. Various ceramic raw materials in 
powdered form, which were either neutral, acidic, basic, 
or amphoteric in chemical character, were used to collect 
the volatilizable constituents from a glaze containing 
tin, lead, boron, sodium, chromium, barium, and zinc 
and traces of arsenic and antimony as impurities. 
Eight crucibles were prepared, each containing three 
grams of the glaze, and a small crucible containing 0.5 
gram of a different material as absorbing material. 
Later experiments indicated that 0.1 gram was the most 
efficient amount to use. 

The crucibles containing the glaze and the absorb- 
ing medium were placed in a muffle furnace and heated 
to 1200°C. They were allowed to cool to room tem- 


Fic. 1.—Crucibles used in glaze tests. 
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perature, and the absorbing medium was removed, 
thoroughly mixed in an agate mortar, and 30-mg. por- 
tions were spectrographically analyzed. Spectrograms 
were taken of each of the electrodes, crucible, and the 
unfired absorbing medium. Table I shows the mate- 
rials used as the absorbing media and the vaporized 
constituents absorbed by each. 

Hydrated aluminum oxide and whiting are the most 
efficient absorbing media for the volatants studied, but 
the ‘hydrated aluminum oxide was chosen for use in 
all of these experiments because it contains fewer im- 
purities and gives a simpler spectrum than the whiting. 
None of the absorbing media was found to be alkali- 
free, so that a study of the alkalis was postponed to a 
later date. Figure 2 shows spectrograms of the alumi- 
num oxide absorbing medium after certain of the 
volatile constituents of the glaze were absorbed. 


BB 


Sn. Pb. 


Cr. Cr. Cr. 


Fic. 2.—Absorbed element, boron: (1) electrode, (2) unfired crucible and Al,O;, 


(3) fired AlOs, (4) iron; absorbed elements, Sn-Pb: 


(5) electrode, (6) unfired 
crucible and Al,O;, (7) fired Al,O;, (8) iron; and absorbed element, chromium: 
(9) electrode, (10) unfired crucible and Al,O;, (11) fired Al,O;, (12) iron. 
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IV. Volatilization Temperatures of Glaze 
Constituents 

The investigation of the volatilization temperatures 
was limited to the elements, boron, lead, and chromium. 
(A separate study of the peculiar behavior of tin will be 
made later.) A cone 04 glaze was prepared as the source 
of the volatile constituents. The molecular formula is 
given in Table II. Five per cent tin oxide and 3% 
green chrome oxide were added to the batch of this 
glaze. 

In the first experiment to determine the tempera- 
tures at which each volatile constituent started to leave 
the glaze, fourteen crucibles were used. Seven cruci- 
bles with 3 grams of glaze and 0.1 gram of hydrated 
aluminum oxide and seven crucibles with only 0.1 gram 
of hydrated aluminum oxide were slowly heated in the 
muffle furnace. Temperatures were determined with 
a Brown recording electrical 
thermocouple pyrometer and 
a platinum-platinum 10% rho- 
dium thermocouple. The 
readings were checked with a 
Leeds and Northrup portable 
electrical thermocouple py- 
rometer. 

One crucible containing the 
glaze and the _ absorbing 
medium and one without the 
glaze were withdrawn from the 
heated muffle at each 100°C. 
interval, starting at 600°C. 
and ending at 1300°C. The 
crucibles were allowed to cool 
to room temperature and spec- 
trograms of the absorbing 
media were taken. The ab- 
sorbing media from the cru- 
cibles with no glaze failed to 
show the presence of any of 
the volatile constituents. This 
indicates that the absorbing 
media had not been contami- 
nated from any source. The 
results of this run are shown 
in Figs. 3, 4, and 5. 

Figure 3 shows that boron 
appears strongly at 700°C. 
and decreases in intensity in 
the absorbing media heated to 
temperatures above 1100°C. 
Figure 4 shows lead appearing 
in the absorbing medium at 
900°C., but not at 800°C. 
This places the temperature 
of volatilization of lead from 
this glaze somewhere between 
these two temperatures, as- 
suming that the absorbing 
medium absorbs the volatile 
constituents as soon as vola- 
tilization starts. Lead ap- 
pears strongly at 900°, 1000°, 
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TABLE I 
Absorbing medium Chemical character Elements absorbed 
English chinaclay Nearly neutral Pb, Cr, Sn, B 


N. C. kaolin Pb, Cr, Sn, B 
N. J. fire clay Acidic Pb, Cr, Sn, B 
Flint ” Pb, Sn, B 
Flint fire clay vs Pb, Cr, Sn, B 
Hydrated 


aluminum oxide Amphoteric Pb, Cr, Sn, B, As, Sb 


Fused magnesium 


oxide Basic B 
Calcium carbonate 
(whiting) + Pb, Cr, Sn, B, As, Sb 
TABLE II 
0.40 PbO 
0.25 CaO 2.75 SiO, 
0.25KNao/; 29-28 AlOs BO; 
0.10 ZnO 
Batch composition 
White lead 10.32 
Colemanite 51.5 
No. 5 Minpro feidspar 152.3 
Tin oxide _ 10.7 
Green chrome oxide 11.2 


and 1100°C., but only faintly at temperatures above 
1100°C. Tin appears faintly at 700°C. and is strong 
whenever lead appears strongiy. In every run made 


B 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(0) 


(11) 


Fic. 3.—Absorbed element, boron: (1) 
electrode, (2) 600°C., (3) 700°C., (4) 800°C.., 
(5) 900°C., (6) 1000°C., (7) 1100°C., (8) 
1200°C., (9) 1300°C., (10) absorbing me- 
dium, (11) iron. 
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with a glaze containing both tin and lead, strong 
volatilization of lead is accompanied by strong volatili- 
zation of tin. The spectrogram showed the presence of 
chromium in the absorbing medium at 1100°C. but 
only faintly at 1000°C. It is impossible to reproduce 
in the spectrograms the faint chromium lines because of 
the dark cyanogen bands which are present in that por- 
tion of the spectrum. Sodium was present in the un- 
heated absorbing medium as an impurity, but it 
appears only faintly in the absorbing media heated to 
temperatures above 1000°C. (Fig. 5). 

To approximate more closely the temperature at 
which each volatile constituent starts to volatilize from 
the glaze, runs were made between the limits of 450° to 
600°C., 800° to 850°C., and 950° to 1100°C., with draw 
trials taken every 25°C. 

Figure 6 shows that boron is volatilized from this 
glaze at 450°C. and that its concentration in the ab- 
sorbing medium increases with rise in temperature. 
Figure 7 shows the appearance of lead at 850°C. and 
of chromium at 1000°C. 


V. Effect of Time on Volatilization Temperatures 

Certain volatile constituents did not volatilize as 
readily when the muffle was heated rapidly as when it 
was heated slowly. This led to an investigation of the 


Sn. Pb. 


Fic. 4.—Absorbed elements, tin and lead: (1) 
electrode, (2) 600°C., (3) 700°C., (4) 800°C., (5) 
900°C., (6) 1000°C., (7) 1100°C., (8) 1200°C., 
(9) 1300°C.; (10) absorbing medium, (11) iron. 


| 
| | (4) 
a 
| (6) 
| | (8) 
| (9) 
(10) 
| | (11) | 
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effect of soaking heat on the volatilization of the con- 
stituents of the glaze. This effect was more noticeable 
with chromium than with any of the other absorbing 
media. 

Four crucibles were asseznbled, three containing the 
glaze and the absorbing medium and one containing 
only the absorbing medium. The crucibles were 
heated slowly in the muffle furnace, and when the tem- 
perature reached 450°C. one crucible was withdrawn; 
the muffle was then adjusted to maintain this tempera- 
ture as closely as possible, and at the end of one hour an- 
other crucible was withdrawn. The heat was then shut 
off, and the remaining two crucibles, one containing the 
glaze and the absorbing medium and one containing 
the absorbing medium only, were allowed to cool to room 
temperature in the muffle. The absorbing media were 
then analyzed spectrographically. The same proce- 
dure was repeated at 850° and 1000°C. 

The results of these runs indicate that the concen- 
tration of the volatile constitutents in the absorbing 
medium is increased by lengthening the period to which 
the glaze is subjected to heat. Sodium was present in 
appreciable quantities in the absorbing medium at 
1300°C. when the muffle was heated rapidly, but when 
it was heated slowly, the sodium started to leave the 
absorbing medium at 1000°C., and it decreased in con- 
centration with increase in temperature. 


(8) 


Fic. 

Fic. 5.—Absorbed element, sodium: (1) 

electrode, (2) 600°C., (3) 700°C., (4) 800°C., 

(5) 900°C., (6) 1000°C., (7) 1100°C., (8) 
1200°C., (9) absorbing medium, (10) iron. 


Vi. Effect of Glaze Composition on Volatilization 
Temperature 

The effect of varying the composition of the glaze on 
the temperature of volatilization was shown by use of 
a lead borosilicate glaze in which all of the boron and 
part of the lead were introduced in the frit and the re- 
mainder of the lead was added as white lead in the 
glaze batch. 


TABLE III 
0.056 KNaO 
PbO 0.27 Al,O; 
.500 CaO 
Glaze batch (%) Frit batch (%) 
Frit 36.8 Oxford feldspar 18.1 
Whiting 7.4 Boric acid 24.0 
White lead 15.5 Whiting 13.5 
English china clay 15.0 Red lead 30.7 
Flint 25.3 Flint 13.7 


Ten crucibles were used, nine containing the glaze 
and the absorbing medium and one containing only the 
absorbing medium. Draws were taken every 100°C., 
from 500° through 1300°C. 

The results of this test indicate that boron in a glaze 
of the composition given in Table ITI is slightly volatile 
at 500°C., with little change in volatility at higher tem- 
peratures (the spectrograms are given in Fig. 8). 
Boron was less volatile when it was introduced by frit- 
ting than as colemanite. Lead was present in the 
absorbing medium withdrawn at 800°C. but not at 
700°C, The intensity of the lead lines decreased in the 

absorbing media heated 

B above 1000°C, Although 

| tin was not intentionally 

introduced in the glaze, its 

presence as an impurity 

was observed by its ap- 

pearance in the absorbing 

medium after the heat 
treatment. 

The silica content of the 
cone 04 glaze (Table II) 
was varied as shown in 
Table IV, and the effect on 
the volatilization tempera- 
tures was studied. 

Glazes No. 1 and No. 2 
were fired over a range 
from 500° to 1200°C. as in 
previous runs, with special 
attention to temperatures 
of 500°, 850°, and 1000°C. 

The results show that 
boron is present in the ab- 
sorbing medium at 500°C. 
in both cases. In glaze 
No. 1 (of lower silica con- 
tent), lead was volatile at 
6.—Absorbed element, 800°C., and in glaze No. 2 


boron: (1) electrode, (2) 450°C., (3) ith hich ili On- 
500°C., (4) 525°C., (5) 550°C., (6) 
600°C., (7) electrode and absorb- ent) at 95 . ro 

ing medium, (8) iron. 


appeared in the absorbing 
Vol. 23, No. 4 


Na. 
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(1) 
(2) 
5) 
(7) 
(10) = | 
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medium placed with glaze No. 1 at 
1200°C., but it did not appear at 
1200°C. in the glaze No. 2. This 


study indicates that the temperatures. 


of volatilization of a glaze are in- 
fluenced by the silica content of the 
glaze. 

The results obtained by fritting a 
glaze or by varying the calcium or 
silica contents agree with the results 
obtained by Berdel,' who investigated 
the effect of the composition of the 
glaze on the volatility by a chemical 
analysis of the glaze before and after 
the heat treatment and by noting and 
analyzing the amount of glaze which 
collected on the covers of saggers. 


TABLE IV 
Glaze No. 1 


0.25 KNaO) 


'25 CaO 2.00 SiO, 
‘40 Ppo 10°375 BLO, 
.10 ZnO 


Glaze No. 2 


.25 | 
0.28 Al,O; 


25 CaO {3.50 SiO, 
"40 Pho 0.375 B,O; 
.10 ZnO 

Vil. Summary 


A procedure is presented for studying 
certain phases of glaze behavior, in par- 
ticular, the volatilization of glaze con- 
stituents. In this connection, the spec- 
trograph has been a useful scientific 
tool. 

Hydrated aluminum oxide was the 
most suitable collector or absorbing 
medium for this investigation. 

The temperatures at which boron, 
lead, and chromium oxides start to 
volatilize from the cone (4 glaze 
studied were boron 450°, lead 850°, 
and chromium 1000°C. 

The effect of soaking heat was found 
to give an increased concentration of 
the volatile constituents even after the 
muffle had started to cool. 

An increase in the silica content of 
the cone 04 glaze increased the volatili- 
zation temperatures of boron, lead, and 
chromium oxides. 

In the case of a high calcium glaze in 
which the B,O; and part of the PbO 
were introduced in the fritted portion, 
the B,O was less volatile at all tem- 


! Edward Berdel, ‘‘Formation of Stalac- 
tites from Glazes in Tunnel Kilns,” Ber. 
deut. keram. Ges., 9 [1] 19-24 (1928); 
Ceram. Abs., 7 [6] 394 (1928). 
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Fic. 7.—Absorbed element, lead: (9) electrode, (10) electrode and 
absorbing medium, (11) 800°C., (12) 825°C., (13) 850°C., (14) iron; 
absorbed element, chromium: (15) electrode, (16) electrode and 
absorbing medium, (17) 1000°C., (18) 1100°C., (19) soaking, 1100°C., 


(20) iron. 
Sn. Pb. 


(9) 
(10) 


(11) 


Fic. 8.—Absorbed element, boron: (1) 500°C., (2) 600°C., (3) 700°C., 
(4) 800°C., (5) 900°C., (6) 1000°C., (7) 1100°C., (8) 1200°C., (9) 1800°C., 
(10) electrode and absorbing medium, (11) iron; absorbed elements, tin 
and lead: (12) 500°C., (13) 600°C., (14) 700°C., (15) 800°C., (16) 900°C., 
(17) 1000°C., (18) 1100°C., (19) 1200°C., (20) 1300°C., (21) electrode 
and absorbing medium, (22) iron 


oF 
(10) 
| 
(3) (a) 
(6) | 
(en) | 
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peratures than when it was introduced as colemanite 
or as B,Oy, but the volatilization temperature of the 
PbO was lowered. 7 
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ANALYSIS OF SELENIUM IN GLASS* 


By A. E. PaviisH anp R. W. SILVERTHORN 


ABSTRACT 


A new method for the determination of selenium in glass is reported. 


It comprises 


fusion of the sample with sodium carbonate, dissolution of the melt in sulfuric acid, dis- 
tillation of the selenium as selenium tetrabromide from a sulfuric-hydrobromic acid 
solution, and titration of the distilled selenium by the iodide-thiosulfate method. The 
method is rapid, accurate, and precise and recovers all forms of selenium, The recom- 


mended procedure is outlined. 


I. Introduction 

The method! most commonly used to determine 
selenium in glass consists of decomposing the sample in 
hydrofluoric and nitric acids. After decomposition, 
the selenium. is determined by a gravimetric, colori- 
metric, or volumetric procedure. The authors’ ex- 
perience with wet acid methods for decomposition of 
selenium glasses or compounds indicates that the re- 
sults may be erratic. 

Work was undertaken to develop a rapid and ac- 
curate method for the determination of selenium in 
glass. A method yielding excellent results and con- 
sisting of the following steps was developed, viz., (1) 
decomposition of the glass by fusion with sodium car- 
bonate; (2) separation of the selenium from the sodium 
carbonate fusion by distillation from a H,SO,-HBr 
solution; and (3) titration of the selenium in the dis- 
tillate by the iodide-thiosulfate method. 


ll. Experimental Work 


(1) Fusion with Sodium Carbonate 

Known amounts of selenium as CdSe, Se, CdSeOs, 
and Na,SeQ, were fused with 10 grams of sodium 
carbonate for 15 minutes to ascertain whether any 
selenium was lost during the fusion. The selenium re- 
inaining in the fusion was determined by distillation 
and titration as described in the recommended pro- 
cedure given in this paper. The forms of selenium 
added and the results obtained are shown in Table I. 


* Received January 2, 1940. 

1N. H. Furman, Editor, Scott’s Standard Methods of 
Chemical Analysis, Vol. I, p. 791. D. Van Nostrand Co., 
Inc., New York, N. Y., 1939. 


The recovery of various forms of selenium was quanti- 
tative in all cases. This is important in view of the 
fact that the selenium additions greatly exceeded the 
amount usually present in commercial selenium glasses. 


(2) Separation of Selenium by Volatilization 
Selenium may be separated quantitatively from a 
sulfuric acid solution by volatilization with hydro- 
bromic acid.* Tetravalent selenium reacts with 
hydrobromic acid forming volatile selenium tetra- 
bromide which may be separated by distillation. The 
distillation is rapid and no special equipment is re- 
quired. The reaction may be expressed as 
H,SeO; + 4HBr — SeBr, ft + 3H,0. 


Metallic selenium or selenides are converted to selenites 
or selenates in the fusion step of the recommended pro- 
cedure. Selenium present in the solution as selenate 
is reduced by hydrobromic acid to selenite. 

The accuracy of the distillation procedure was de- 
termined by adding known amounts of selenium dis- 
solved in sulfuric acid to the distilling flask which con- 
tained dilute sulfuric acid (1:1), hydrobromic acid, and 
bromine, and by determining the selenium in the dis- 
tillate. The results given in Table II show that the 
recovery of selenium by distillation was excellent. 


(3) Volumetric Determination of Selenium in the 
Distillate 
Selenium may be determined quantitatively in acid 
solution by reduction with potassium iodide and titra- 
2 J. I. Hoffman and G. E. F. Lundell, “‘Volatilization of 
Metallic Compounds from Solutions in Perchloric or 


Sulfuric Acid,” Jour, Research Nat. Bur. Stand., 22, 465-70 
(1939); R.P. 1198. 
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tion of the liberated iodine with a standard sodium 
thiosulfate solution. The following reactions. are 
involved in the titration: 

SeBr, + 3H,O H,SeO; + 4HBr 


I, + 2Na,S,0; —> + 2Nal. 


The selenium volatilized during the distillation may 
be recovered by catching the distillate in approximately 
200 ml. of a 1% sulfuric acid solution which contains 
1 ml. of hydrobromic acid and 1 ml. of bromine water. 
Work by the writers indicated that either sulfuric or 
nitric acid may be used in the receiver, but the former 
is preferable. The concentration of free acid in the 
receiver has little or no effect on the recovery of selen- 
ium during distillation, but too high a concentration 
of free acid will affect the accuracy of the titration. 
A concentration of 1% of sulfuric acid, by volume, is 
the most satisfactory. The addition of bromine and 
hydrobromic acid to the receiver is advisable to insure 
conversion of the selenium to selenite. After the dis- 
tillation is complete, free bromine which interferes 
with the subsequent titration is reduced by the addi- 
tion of formic acid. 


TABLE I 
Errect oF Na;CO; FusION ON RECOVERY OF VARIOUS 
Forms oF SELENIUM 
Selenium (gm.) 


Selenium added as Present Found Difference 
Metallic selenium 0.0100 0.0101 +0.0001 
0.0100 0.0100 0.0000 
Cadmium selenide 0.0074 0.0073 —0.0001 
0.0074 0.0074 0.0000 
Cadmium selenite 0.0060 0.0059 —0.0001 
0.0060 0.0062 +0.0002 
Sodium selenate 0.0082 0.0082 0.0000 
0.0082 0.0082 0.0000 

TABLE II 


RECOVERY OF SELENIUM FROM SYNTHETIC SAMPLES 


Selenium (gm.) 


Synthetic 

sample Present Found Difference 
1 0.0002 0.0002 0.0000 
0.0002 0.0002 0.0000 

2 0.0006 0.0006 0.0000 
0.0006 0.0006 0.0000 

3 0.0016 0.0016 0.0000 
0.0016 0.0017 +0.0001 

4 0.0020 0.0020 .0000 
0.0020 0.0020 0.0000 

5 0.0030 0.0029 —0.0001 
0.0030 0.0029 —0.0001 


The concentration of sulfuric acid in the receiver is 
not critical so far as absorption is concerned, but high 
concentrations lead to erratic results in the titration 
when arsenic is present in the glass. Selenium ruby 
glasses occasionally contain arsenic, at least a portion 
of which is volatilized during the distillation. When 
arsenic is present, the end point may return faster 
than when it is absent, but when the recommended pro- 
cedure is followed this effect is minimized and the 
accuracy of the method is not impaired. 
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Ill. Recommended Procedure 


Transfer a l-gram sample to a 50-ml. platinum 
crucible containing approximately 6 grams of sodium 
carbonate. Mix the sample and sodium carbonate 
thoroughly with a glass rod, add a layer of 4 grams of 
sodium carbonate, and fuse the contents of the crucible 
over a Fisher or Méker burner for 10 to 15 minutes. 
Melt the sides of the crucible clean before removing 
from the burner and cool the crucible and its contents 
to room temperature. Remove the fusion by rolling 
the crucible lightly in the palms of the hands. Break 
the fusion into small pieces and transfer to the dis- 
tilling flask, A, shown in Fig. 1. Add hot dilute 
H,SO, (1:1) to the empty platinum crucible and heat 
the crucible and its contents until complete dissolution 
of the fusion adhering to the sides of the crucible is 


c 


—— THISTLE TUBE 


Fic. 1.—Distillation apparatus. 


effected. Transfer the H,SO, from the crucible into 
the distilling flask and then add enough dilute H,SO, 
(1:1) to make the volume in the distilling flask approxi- 
mately 40 to 50 ml. Add a few small pieces of porous 
plate to the distillation flask to prevent bumping 
during the distillation. Prepare the receiving solution 
by adding to a 400-ml. beaker 175 ml. of dilute sulfuric 
acid (1:99), 1 ml. hydrobromic acid, and 1 ml. bromine 
water. Add 5 ml. hydrobromic acid and 1 ml. bromine 
water to the distilling flask, stopper it, and proceed 
with the distillation. Start the distillation by heating 
with a low flame to allow the fused mass to disintegrate. 
During the distillation, the temperature of the dis- 
tilling vapor gradually rises approximately to 123°C.; 
it remains at this point until the hydrobromic acid and 
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selenium have distilled over and then drops several 
degrees. When the drop in the temperature occurs, 
the distillation of selenium is complete. Disconnect 
the apparatus and wash the delivery tube with distilled 
water, adding the washings to the receiving solution. 


TABLE III 


ANALYSIS OF VARIOUS SELENIUM GLASSES BY RECOM- 
MENDED PROCEDURE 
Glass sample Selenium (%) 


1 0.015 
0.015 
0.018 
0.019 
0.034 
0.034 
0.050 
0.051 
5 0.078 

0.078 
6 0.099 

0.100 
7 0.108 

6.108 
0.148 

0.145 


Add 5 ml. formic acid to destroy the free bromine in 
the receiving acid. If the solution is not perfectly 
colorless, heat on a hot plate until the bromine is de- 
composed. Cool the solution approximately to 20°C. 
and add 6 ml. of a 50% by weight solution of KI. 
Allow the solution to stand approximately three 
minutes, add the freshly prepared starch indicator, 
and titrate the liberated iodine with standard sodium 
thiosulfate solution at a rate of 10 ml. per minute to 
an end point which lasts for one minute. At the end 
point, the solution has a yellow or red color owing to 
elemental selenium. 
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1 ml. 0.005 N Na,S.O; = approx. 0.0001 gm. selenium. 


Reagents Used for Selenium Glass Determination 


Sodium carbonate, c.P. anhydrous. 

Sulfuric acid solutions, 1-1 by volume and 1% by volume. 
Bromine water, distilled water saturated with bromine 
Hydrobromic acid, 48% c.P. 

Formic acid, 87% c.P. 

Standard sodium thiosulfate solution, approx. 0.005 N. 
Potassium iodide solution, 50% KI, c. p., by weight. 
Soluble starch solution, 5 gm. soluble starch per liter. 


IV. Discussion 

Several hundred determinations of selenium in glasses 
of various base compositions have been made by the 
procedure outlined in this paper. Table III shows 
typical results obtained by the method. The method 
has proved to be an excellent one, inasmuch as it is 
rapid and requires no special equipment or skilled 
manipulation. A single determination of selenium in 
glass may be made in 30 minutes, whereas methods 
previously reported require several hours for com- 
pletion. 

The determination of selenium in glass by acid 
methods of decomposition is open to question because 
certain forms of selenium may be lost by volatilization. 
These methods are also slow and require careful control 
of the temperature to minimize the danger of loss of 
selenium. Experimental work reported in this paper 
shows that no form of selenium likely to occur in a 
selenium ruby glass is lost by fusion with sodium car- 
bonate. The method has an accuracy and precision of 
+0.001% selenium on ordinary selenium-bearing 
commercial glasses. 
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ABSTRACT 


This investigation shows that there is likely to be a severe concentration of stress in 


STRESSES IN BOTTLES OR JARS FROM DIFFERENCES IN OUTSIDE AND INSIDE 
TEMPERATURES (STATIC TEMPERATURE GRADIENT)* 


By F. W. PRESTON 


bottles or jars on the outside face of the junction of side walls and base when the bottles 


are subjected to a thermal gradient, that is, hot inside and cold outside. 


The stress in this 


area apparently may be two or three times as high as the general average, and its amount 
depends on the details of design at this point. A general formula, intended as a first ap- 


proximation to the stress, has been worked out. 


That this region is a region of weakness 


is not news, but the reasons for it, as deduced in this study, are different from those 


generally given. 


Murgatroyd has shown that scratches on a bottle have a greater in- 


fluence here than elsewhere and that their vulnerability is greatest if they are horizontal. 


|. Introduction 

Bottles, in general, are not subjected in practice to 
steady temperature gradients for very long, and this 
investigation was conducted because it is amenable 
both to mathematical and experimental investigation. 
In the pasteurizing process, some bottles are subjected 
to a long-enduring temperature gradient, but its actual 
value in many cases is probably rather low. On the 
other hand, there are various occasions when a severe 
gradient, not strictly long-enduring but of a duration 
sufficient to cause trouble, occurs in practice. A 
bottle of ‘‘soda,” for example, taken from a warm room 
and put in an ice box or possibly in a tank of ice-water, 
is subjected for some moments to a severe temperature 
gradient, or a Mason jar, initially at little above room 
temperature, may be poured full of boiling fruit juices. 
The stress conditions in either case pass through an 
elaborate cycle, but at their worst, momentarily or for a 
longer time, they approximate to static conditions. 


ll. Experimental Methods 

The temperature of the outside wall of a glass vessel 
which is filled with hot water may differ a great deal 
from the temperature of the air of the room, and some 
parts of the outside of the bottle may also vary in tem- 
perature from other parts. It becomes necessary, 
therefore, to simplify this problem by specifying that 
the temperature of the outside of the bottle be main- 
tained substantially constant, both in time and over the 
whole surface, by immersing it in a circulating fluid, 
such as water of constant temperature. 

In the experimental arrangements, water or carbon 
tetrachloride (for better matching of refractive index) 
is circulated inside the bottle, and a similar fluid is 
circulated outside in an “aquarium”’ or immersion bath. 


(1) Stresses in Side Walls 

As far as breakage is concerned, the base and lower 
part of the side walls are of interest; only occasionally 
does breakage occur elsewhere. The junction of the 
base and side often appears to be the most vulnerable 
region. 


* Received November 13, 1939. 
(1940) 


His results are empirical, and he does not explain them. 


The explanation is given here. 


The expansion is studied on an infinitely long cylinder 
with hot water inside and cold water outside at tem- 
peratures, 6, and 6, respectively, which are also as- 
sumed to be the temperatures of the surfaces of the 
glass. If this be inadmissible, it may be corrected 
later, but for comparing the base and sides and the 
junction of the two, it will be assumed for the present. 
(R equals the internal radius of the cylinder at the zero 
of the particular temperature scale (@ = 0), and ?¢ 
equals wall thickness, which is small compared with 
R). Under a steady régime, then, the temperature 
gradient is uniform through the wall thickness, (@, — 
6.)/t, which is termed 0/t (see Fig. 1). The cylinder 
will expand both in length and in diameter, but it will 
remain a cylinder and the plane cross sections will re- 
main plane. If a be the coefficient of expansion, then 
R will expand to 


+a" 


* This is true to the first order of small quantities and 
depends on the postulate that ¢ is small compared with R 


Similarly, ¢ expands to 


and parallel to the axis, and the cylinder expands in 
like ratio. 

The cylinder could expand in all directions and be 
free from stress if the glass were all at one temperature, 
but a difference of temperature between the different 
parts is assumed and stresses may or may not be de- 
veloped. In the case of the cylinder, stress is developed 
because the periphery of the cylinder is complete. If 
the cylinder were split parallel to the axis, the split 
would open slightly under the temperature gradient, 
and the horizontal (peripheral) tension would disap- 
pear; in practice, bottles often do split in this fashion. 

Halfway through the wall thickness of the cylinders, 
there is no stress; outside of this area, a tension occurs 
whose intensity increases toward the outer surfaces and 
a compression occurs inside whose intensity increases 
toward the inner face. 


= 


120 


At the outer face, the uncompensated (or unachieved) 
expansion per unit of length is 
+ % = —6)/2= 06/2. (2) 
The resulting stress is 
Eaé/2. (3) 


) 


& 
| Camber 


Fig. 1 


(2) Stress in Base 

The base of a bottle is regarded as a flat circular 
plate with parallel faces. The dimensions and assumed 
temperature conditions are given in Fig. 2. The upper 
face expands until its radius, R, becomes R (1 + a6), 
and the lower face expands to R (1 + a2); the differ- 
ence is Ra@. If there are no constraints, i.e., if the base 
is connected in an exceedingly flexible manner with the 
sides, then the base, instead of being a flat plate, be- 
comes a segment or cap of a sphere (Fig. 3). Let p be 
the radius of this sphere; then the angle ¢, being small, 
is given (in radians) by R/p, or Rad/h. 


Therefore, 
p = h/ad. (4) 
Ifh = 1/,in., a = 50 X 10-7/°F., and 100°F., then 
p = _10 _ — 500 inches. 
200 - 100 


The amount of ‘“‘crowning”’ or “camber” introduced 
in the base is 
R?*/2p. (5) 


If R = linch (the bottle being about 2 inches inside 
diameter), then the amount of camber is 0.001 inch, and 
the bottle base becomes dimpled to this extent (Fig. 3). 

The slope, ¢, at the margin of the base is given by 


@ = R/p (radians). (6) 


For example, in the case under discussion, ¢ = 1/500 
radians = approx. 1/9 degree. 

These changes of length and shape involve no stresses 
in the glass because they are not resisted, but each ele- 
ment or filament of glass is free to adopt the length 
appropriate to its temperature. 
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The base, in practice, is always attached more or less 
firmly to the sides, and the postulated absence of con- 
straint is not realized. The base is strained by the 
rigidity of its connection to the side walls, and this 
connection is strained by the rigidity of the base. . 


(3) Stress in Base and Side Walls 


The connection between the base and side walls is 
assumed to be a web of glass equal in thickness to the 
side walls, ¢, with a radius in vertical section of r, where- 
in r is small compared with R (Fig. 4). The base is 
so rigid that it insists on taking the camber previously 
calculated and the slope at the edge, given by angle ¢; 
the sides above point P are very rigid and take the 
dimensions indicated by equation (1) and retain their 
strictly cylindrical shape. These assumptions are only 
half true (or a little more than half true) and insofar as 
they are untrue, the following calculated stresses for 
the connection are diminished in practice. 

The arc, PQ = 90 degrees in the unstrained condi- 
tion = 2/2 radians. 

In the strained condition, the arc becomes 


(5 + ) (7) 


The radius, 7, decreases to r;, where 


n(F+¢) = +5. (8) 
The elastic strain is readily deduced to be 
@:t/xr. (9) 
In the case under consideration, @¢ = 0.002. Then 
if ¢ = '/, inch and ¢ = '/, inch, the strain = —— a 
32 X 107°. 
The tension developed is , 
(10) 


Then if EZ is 10’ lb. per sq. in. in this case, the ten- 
sion would be 3200 Ib. per sq. in. 

To this must be added the stress due to the tempera- 
ture gradient itself, viz., 


(11) 


This addition amounts to 2500 Ib. per sq. in., and the 
combination of the two is 5700 Ib. per sq. in., which is 
probably all the bottle can stand. 

In equation (10), if the value of ¢, as defined by 
equations (6) and (4), is substituted for ¢, then 


Ead/2 (see equation (2)). 


Tension f, = ERtaé/xrh (stress from flexing). (12) 


The direct thermal stress is 


and the total stress is 


f=hth= | (13) 


In practice, this probably represents an outside value, 
and the true figure is somewhat less, but it is sufficiently 
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f= 


Stresses in Bottles from Differences in Outside and Inside Temperatures 


high that glass can endure it only for a few seconds at 
most if its surface is in any way bruised, scratched, or 
imperfect. 

For example, in a room at 70°F., a half-gallon Mason 
jar is half filled with boiling water (at about 210°F. ). 
For the constants of equation (13), values are as fol- 
lows: 

E = 10° tb./sq. in.; a = 50 X 10-7/°F.; 6 = (210 — 70) 
= 140°F. 

R = 2in.; ¢ = '/gin.; r = '/,in.; = andes = 
3.14. 


Then f = 7000 Ez +3] = 12,000 Ib./sq. in. 
w/4 2 


Therefore the glass must be expected to break. 

If the bottle stands in air and not in a tray of water, 
6 never reaches 140° differential because the outside of 
the jar warms up to a temperature which is greater than 
the room temperature. But if the jar stands in cold 
water, it will break every time, in spite of the fact that 
the static conditions postulated are never quite attained 
and that all of the various ameliorating circumstances 
mentioned operate to reduce the calculated stress in 
practice. 


lil. Experimental Verification 
The formula of equation (13), viz., 


Re ,1 


makes it apparent that no correlation will exist between 
the weight-to-capacity ratio and the thermal-shock 
strength. The formula suggests, however, that there 
will be a strong negative correlation between the 
thermal-shock strength and 

Rt 1 

(the correlation, of course, will not be linear). 


( +3) = J, then 6-J = f/Ea. (14) 
arth 
This is true in any particular breakage, and it may 
be easily shown that this is also true for averages. 
Therefore, 


Average 6-J = a or average @-J = constant. 


a 


This idea has been used for tests on some bottles, 
greatly differing in size, made from glass in the same 
tank and on the same type of machine. Table I gives 
the data and calculations. 

The results seem a trifle too good to be true, but they 
tend to bear out the theoretical work; it might even 
seem wiser to go to the added expense of following 
along this line of thought rather than the apparently 
more barren field of the effect of weight-to-capacity 
ratio on thermal-shock strength. 

Several varieties of bottles have been observed, and 
it was noticed that the variations in these dimensions 
would account for the differences in the thermal-shock 
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strength of the bottles, which hitherto were blamed 
more or less on “flaws” in the bottles. 

The chief difficulty of measurement lies in the vari- 
ability of the dimensions of the bottles and also in the 
fact that the assumptions made in the configuration of 
the theoretical bottle are not closely met. Somewhat 
arbitrary points of measurement, therefore, were neces- 
sary. The base was measured half way between the 
center and the outside, and the curvature was con- 
sidered in the region in which the fracture usually starts. 
The thickness of the side wall was measured at the rim 
at an angle of 45 degrees with the side wall. 


TABLE I 


Thermal 
shock 

Type strength R T 
“7 UP” 

6 oz. 98 
12 oz. 88 
24 oz. 82 
32 cap. 
28 oz. 


2.20 
2.40 
2.60 


0.25 
0.25 
0.30 


0.87 0.37 
1.10 0.32 
1.50 0.43 


85 1.50 0.35 0.25 2.50 

Even with these limitations, an error of 5% may 
easily be made in the measurements, indicating the 
necessity of improving the technique of measurement 
in order to go further with the problem. 

Warning: Table I shows that the thermal-shock 
strength, 0, does not vary over a very wide range and 
that (J—'/;), which is a description of the geometry of 
the bottle, therefore varies only over the range 1.7 to 
2.1. This range is not wide enough for conclusive 
proof, even though the individual elements which make 
up the geometry have appreciably greater variations. 

A more elaborate investigation showed that the 
thermal-shock level to be expected could not be defined 
solely in geometrical terms. Five factors, always in- 
volved in the thermal-shock strength of glass, are 
essentially as follows: (1) degree of temper of the 
bottle; in one investigation, variations of temper 
caused the strength of the bottles to vary from 104° to 
117°F.; (2) degree of cordiness of the bottle; (3) local 
irregularities in the glass caused by cut-offs, shear 
marks, baffle marks, etc.; (4) degree of bruising a bottle 
has had; and (5) geometry of the bottle, which is the 
only factor that can be taken into account in the present 
memorandum. 


IV. Practical Application 

This investigation, begun three years ago, shows the 
tendency to stress concentration in this region; the 
recommended procedure has been a tapering in of 
the lower side wall of the bottle so that there is less 
danger of the bottles getting scratched or bruised in 
the “Murgatroyd belt.” It also aids in getting good 
glass distribution and hence is favored in the manu- 
facturing shops." 


1L. G. Ghering, ‘‘Improving the Strength of Glass Con- 
tainers Through Design,”’ Glass Ind., 20 [12] 443-47, 472 
(1939). 
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EXPANSION STRAINS IN THE INITIAL FIRING OF CERAMIC WARE* 


By G. Srrvert AND J. Morrat, JR. 


ABSTRACT 


The initial firing of some ceramic bodies is accompanied by a preliminary expansion 


before shrinkage takes place. 


This expansion, which has been determined for several 


types of ceramic bodies, may set up strains and result in the cracking of large pieces when 


they are improperly fired. 


A firing schedule that will lessen the strains and eliminate 


the cracking has been effected and is described in this paper. 


|. Introduction 

A shrinkage normally occurs when green clay prod- 
ucts are fired. Some products, however, expand in the 
first part of the firing period before shrinkage begins, 
often causing strains and thereby defective products. 
Instances have been known of defects in ware caused by 
improper firing procedure which have been incorrectly 
attributed to too rapid water-smoking or to other 
causes. In many instances, however, the defects 
were caused by strains due to expansion and shrinkage 
of the ware during an improper firing schedule. 


ll. General Behavior of Unfired Ware in Initial Heat 
Treatment 

Figure 1' shows the expansion and shrinkage be- 
havior of some ceramic bodies upon being heated the 
first time. Curve (1) is a silica brick; (2) a dry- 
pressed clay firebrick; (3) a special type of vitreous 
china body; (4) a standard type of vitreous china 
body prepared from feldspar, silica, and clays; and (5) 
a wall-tile body. All of these bodies showed the same 
expansion characteristics before shrinkage when they 
were heated the first time. This expansion, in many 
cases, is greater than that of the same body when it is 
reheated after being fired. There is also a wide varia 
tion in the behavior of the different bodies at the peak 
of the expansion. Some bodies begin to shrink imme- 
diately after the expansion stops, while others have a 
fairly wide temperature range in which there is little 
change in volume. 

This characteristic of ceramic bodies does not nor- 
mally cause defective ware when it is fired on average 
schedules because of the relatively small size of the 
pieces. If, however, large pieces of ware are to be fab- 
ricated from these bodies, the firing schedule must be 
such that it will allow for expansion behavior. It is 
possible that some of the cracking of the larger pieces, 
such as large vitreous china lavatories, stall urinals, and 
large sewer pipe may be caused by their expansion dur- 
ing firing. 


Ill. Outline of the Specific Problem 


Excessive losses in large fireclay blocks for glass- 


* Presented at the Golden Gate Meeting, American 
Ceramic Society, San Francisco, Calif., August 9, 1939. 
Received November 2, 1939. 

t The curves in Fig. 1 were charted from laboratory tests 
on these bodies after it had been demonstrated that it was 
necessary to alter the firing schedule for one particular 
body and to base it on this expansion behavior in order to 
obtain satisfactory firing. 
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melting furnaces occurred following a change in the 
composition of the body. The new body had a greatly 
reduced volume porosity as compared with the former 
one. (The pieces were solid blocks, 12 inches thick, 18 
to 24 inches wide, and 36 to 54 inches long.) When 


(3) Specia/ vitreous 
china body 


Expansion (%) 


Typica/ vitreous 
china body 


0 400 800 1200 600 
Temp. 


Fic. 1.—Thermal expansion of unfired material. 


blocks of the original mix were fired on standard sched- 
ule, they developed less than 2% loss in firing, but the 
new mix on this same schedule resulted in a kiln loss of 
approximately 100%. 

It was evident that the cracking took place during the 
firing and was in no manner caused by the treatment of 
the pieces before they were fired or during cooling after 
they were fired. The water-smoking period also seemed 
to be adequate. 

The typical feature of the type of cracking was in 
their depth and form (Fig. 2). This crack was quite 
open on the surface of the block, and it usually pene- 
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Expansion Strains in the Initial Firing of Ceramic Ware 


trated only to a depth of from 1 to 3 inches toward the 
interior, narrowing in width as it extended deeper into 
the block. 

As a working hypothesis, it was assumed that this 
type of cracking might be caused by unequal expansion 
or shrinkage during the firing. 


“= 


L 
Fic. 2.—Typical cracked block. 
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Fic. 3.—Thermal-expansion furnace. 


IV. Procedure 

A test piece of a well-dried green body was submitted 
to heat treatment in a thermal-expansion furnace (Fig. 
3). Heat was applied at the rate of 200°F. per hour, 
bringing the temperature of the test piece uniformly to 
2000°F. The expansion and subsequent shrinkage 
were measured by an Ames dial gauge, graduated in ten 
thousandths of an inch. The resulting data were cal- 
culated to percentage linear expansion and were 
plotted as shown on Fig. 4. 

Figure 4 shows that the body expanded rapidly and 
uniformly to approximately 1000°F., at which point 
there was a sudden expansion, indicating the presence 
of free quartz in the body. From 1100° to 1550°F., 
there was a continued slight expansion; but at 1550°F., 
shrinkage started, and it became quite rapid at 1900°F." 

From these data, Fig. 5 was made to show the be- 
havior of this body on being heated according to the 
standard schedule previously used in commercial 
downdraft kilns. 

This expansion curve reveals the fact that there were 
two errors in the former firing schedule. After the 
furnace was heated quite slowly to 400°F., the tempera- 
ture was raised at what was formerly a safe rate, but 
with the new body there was a rapid expansion as well as 
a Sharp peak at the point at which the expansion of the 
body stopped and shrinkage began to take place. 

t The heating could not be continued beyond 2000°F. 
with the equipment being used. It would be interesting 


to determine the thermal behavior during the complete 
fring cycle. 
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The cracking might have taken place during the rapid 
expansion or at the peak of the expansion. It seemed 
probable, furthermore, that owing to the lag in tempera- 
ture of the interior of the block behind the surface tem- 
perature, the outer portions may have passed through 
the expansion period and may have begun to shrink 


Expansion (%) 


i 
0 400 800 1200 1600 2000 
Temp. 
Fic. 4.—Thermal-expansion curve on well-dried green 
body. 
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Fic. 5.—Old and new thermal-expansion and heating 
schedules. 


while the interior of the block was still expanding. In 
such a case, strains would be set up in the piece which 
would cause the type of cracks found in the defective 
blocks. Figure 6 shows the manner in which the 
cracking is believed to have occurred. 


V. Correction of Firing Schedule 

A new firing schedule was planned for the block, 
based on the expansion and contraction behavior of the 
body. An ideal firing schedule is believed to be one 
that will produce a uniform straight-line expansion up 
to the point at which expansion stops, but this proce- 
dure requires more exact control than is possible in a 
large commercial kiln. A compromise schedule was 
necessary which would greatly reduce the strains in the 
body caused by expansion behavior. 

A kiln was set with blocks and fired as closely as pos- 
sible to this planned schedule (see Fig. 5). 


| | | | | 
| 
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The expansion of the body for this heating schedule 
was calculated from the expansion curve of Fig. 4 and 
is shown as the new expansion curve. It is apparent 
that the rate of expansion at no time is as rapid as for- 
merly and that the peak of the curve is much broader, 
which would decrease the strain in the piece during the 
change from expansion to shrinkage. 


Outer portions shrinking 
Central part 
shill expanding } 
it \ 
> 4 - 
Direction of arrows indicates Type of cracks 
trend of change causing strains resulting from strains 


Fic. 6.—Cracks occurring from strains set up in body. 


This new schedule did not appreciably prolong the 
time of firing, but there was a slightly faster increase of 
temperature during the first part of the fire. This was 
proved to be satisfactory, however, by a test of the rate 
of moisture loss in ware being fired. 


VI. Supplementary Tests and Results 

Inasmuch as the blocks placed in a commercial kiln 
are never completely dry, it was decided to determine 
the rate of moisture loss of a block during the heating 
of the kiln. An average block was suspended by 
a steel cable through an opening in the crown of the 
kiln. The cable was attached to a standard platform 
scale so that the block could be weighed at regular in- 
tervals. A portion of the block was cut out and the 
moisture content was determined in the laboratory. 
Frequent weighings were made, and the loss of weight 
was recorded (Fig. 7). 

Relative humidity measurements were also made of 
the atmosphere outside the kiln to determine if this was 
a factor in drying the block in the kiln. These data 
and that of the temperature of the kiln are shown 
on Fig. 7. The humidity of the outside air apparently 
is not an important factor in drying the block in the 
kilns under normal conditions. 

When the block had lost all of its moisture, it was 
lowered to rest on the other block in the kiln, and the 
cable was withdrawn so that the firing could proceed. 

A small hole was drilled to the center of another 
block near the door of the kiln in which the junction 
of a long thermocouple was placed to measure the tem- 
perature of the center of the block during the critical 
periods. Another couple was placed so that its tip was 
just at the surface of the same block. Thus it was 
possible to measure the lag in temperature between 
the center and the surface of the block. Expansion 
curves were plotted for these temperatures and are 
shown on Fig. 8. The new firing schedule which was 
adopted has prevented the development of strains se- 
vere enough to crack the blocks. 
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Fic. 7.—Loss of weight, relative humidity, and kiln 
temperature for test blocks. 
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Fic. 8.—Thermal-expansion curves for lag in tempera- 
ture between center and surface of block. 


After the test thermocouples were removed, the firing 
was continued until the proper cones were brought 
down, and after cooling on the standard schedule, the 
kiln was opened for inspection. The ware was in per- 
fect condition. The new schedule was therefore 
adopted as standard for firing all kilns of tank blocks. 
After many test firings, the results have been satisfac- 
tory, and the kiln losses have been negligible. 
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Abrasives 
Cutability and dressing of the grinding wheel. Heating New s of corundum rocks from the isle of Naxos 
of the workpiece in Effect of coolant. F. (Grecian ). J. Papastamatiov. Compt. Rend., 


KUOLPMANN. Oberflichentech., 16 [24] 221-22 (1939).— 
A correctly selected grinding wheel, i.e., one which is suit- 
able according to material, hardness, grain size, binder, and 
the material it has to grind, will always resharpen itself 
because the grains become dull (first gradually and then 
rapidly), spall off, and come out of the binder, thus freeing 
the sharp grain underneath for new attack. This process 
continues until the grinding wheel is used up. The wear 
of a grinding wheel increases with decreasing diameter 
because the circumferential speed decreases, making the 
wheel softer. An arrangement for regulating the speed is 
therefore advisable to keep the circumferential speed 
constant. The sharpening of a wheel with diamond or 
special steels depends much on the speed; the time to be 
applied can be taken from the formula T = [(b — s)/t] 
xX v*, where 6 = the width of the wheel in mm., s = 
the path of the sharpening device from right to left in 
mm., v = circumferential speed of the wheel in m. per sec., 
and ¢ = the advance of the diamond in mm. per revolution. 
The greatest pressure occurring in oni at the point 
of contact is determined by ¢mes, = P'/s X H'/s/d*/s, 
where P = perpendicular pressure, \ = a factor depending 
on the length of contact, and H = the function of the 
elongations of the bodies in contact. If the wheel is dull, 
the pressure can become too great and the wheel can ex- 
plode. A good coolant, especially for ceramic wheels, is a 
solution of 1.5% soda-free soap in 98.5% tepid water. 
Before starting to grind, care should be taken that the 
wheel is saturated with the coolant. For most effective 
use, the coolant should be of such nature that it does not 
destroy the grinding wheel, the wheel should be so dimen- 
sioned that the contact arc between the workpiece and 
the wheel is small to obtain good cooling effect, and the 
coolant should come out of a nozzle in a flat jet the width 
of the wheel and under a pressure which keeps the surface 
of the wheel clean. These are determining factors for 
economical grinding operation. M.H. 
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pe 

208 [26] 2088-90 (1939).—Among the granitic and musco- 
vitic rocks of Naxos, the following new types of corundum- 
bearing minerals have lately been discovered which possess 
quite distinct mineralogical and structural properties: 
(1) kyschtymite, a white mineral consisting essentially 
of corundum and feldspar, viz., plagioclases 67.81, corun- 
dum 25.54, margarite 6.40, and tourmaline 0.25%; (2) 
pegmatitic kyschtymite, which contains tourmaline, cor- 
undum, plagioclase 85 to 100%, a few margarite lamellas, 
and small crystals of rutile and magnetite; and (3) naxite, 
which is a rock of pneumatolytic origin and is mainly 
made up of phlogopite 60, corundum 33, and plagioclases 
7%; it is similar to the marundite of the Transvaal. 
The kyschtymite is similar to the kyschtymite of the Ural 
mountains but is poorer in corundum and richer in plagio- 
clases. The possible origin of the minerals from mag- 
matic conditions is theoretically discussed. M.H. 

——— of grease-free polished surfaces. IAN 
W. Wark. Nature, 143 [3633] 1024 (1939).—Polished 
surfaces of metals and minerals are frequently required to 
be completely free of grease. In electron-diffraction work, 
for example, a film of grease causes complications and 
trouble. Four main sources of contamination are (1) the 
polishing materials (abrasives and laps of soft metal or 
cloth), (2) grease from fingers from handling, (3) water 
used in polishing and storing the mineral, and (4) air- 
borne grease. J.L.G. 

PATENTS 


Abrading machine. R. J. McQuape. U. S. 2,188,720, 
Jan. 30, 1940 (Nov. 25, 1938). 


Abrading tool. C. E. Brerma (Western Electric Co., 
Inc.). U.S. 2,189,307, Feb. 6, 1940 (June 8, 1939). F. 
W. SracHELropt (Western Electric Co., Inc.). U. S. 


2,189,302, Feb. 6, 1940 (June 8, 1939).—An abrasive strip 


holder. 
Abrasive-coated articles. W. J. Tennant (Carborun- 


dum Co.). Brit. 516,079, Jan. 3, 1940 (June 20, 1938). 
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polishing of cast- 


Apparatus for the abrasive cleaning or 
17, 1940 


, etc. A. R. Lucas. Brit. 516,498, Jan. 
(June 30, 1938). 

Buffing device. E. G. Pererson. U. 
Feb. 6, 1940 (Sept. 27, 1937). 

Buffing wheel. C. A. Savers. U. S. 2,188,375, Jan. 
30, 1940 (Jan. 20, 1936). 

Burnishing machine. R.H. Giesey (C. E. Reed) AND 
G. E. Beunke. U. S. 2,188,629, Jan. 30, 1940 (Jan. 9, 
1937). 

Combination precision grinder and caliper. H. B. 
Barrett. U. S. 2,187,962, Jan. 23, 1940 (Oct. 14, 1936). 

Device for grinding eccentricity in pistons. Eric EpwIn 
AND MERLE Peterson. U. S. 2,189,242, Feb. 6, 1940 
(March 2, 1939). 

Endless grinding and polishing belt. G. H. CHERRING- 
Ton. U.S. 2,189,754, Feb. 13, 1940 (April 29, 1938). 

Granular coated article. H. P. KrRCHNER AND C. E. 
Wooppe.t (Carborundum Co.). U.S. 2,187,743, Jan. 23, 
1940 (April 5, 1934; April 28, 1938). 

Grinder. H. A. Maurer (Oster Mfg. Co.). U. S. 
2,189,015, Feb. 6, 1940 (Jan. 11, 1937). 

Grinding or abrading machine. S. A. HorsTMAnn. 
U. S. 2,188,947, Feb. 6, 1940 (July 9, 1938). 

Grinding machine. Cincinnati GRINDERS, INc. Brit. 
516,887, Jan. 24, 1940 (July 16, 1937). R. H. CRAMER 
AND P. H. Hutcuinson (General Motors Corp.). U. S. 
2,188,675, Jan. 30, 1940 (Feb. 9, 1938). J. I. Garsipe 
AND C. G. FLYGARE (Norton'Co.). U.S. 2,190,134, Feb. 
13, 1940 (June 9, 1939). Everarp Stusss (Norton Co.). 
U. S. 2,189,931, Feb. 13, 1940 (Jan. 27, 1939). 

Grin -machine attachment. E. F. Henry. 
2,189,246, Feb. 6, 1940 (Jan. 11, 1939). 

Grinding screw threads. H. LINDNER. 
Jan. 10, 1940 (Aug. 7, 1937). 

Grinding wheel. Epwarp VAN DER Pyt (Norton Co.). 
U. S. 2,189,259, Feb. 6, 1940 (May 19, 1938).—The method 
of making a diamond grinding wheel. 

Grinding wheel truing apparatus. C. C. ALvorp 
(Norton Co.). U. S. 2,190,132, Feb. 13, 1940 (July 2, 
1938). 


S. 2,189,472, 


U. S. 


Brit. 516,259, 


Vol. 19, No. 4 


Machine for grinding or polishing floors,eic. AKTIESEL- 
SKABET FISKER & NIELSEN. Brit. 516,405, Jan. 10, 1940 
(Oct. 22, 1937). 

Manufacturing abrasive articles. Ernst ELBEL AND 
Fritz SEEBACH (Behr-Manning Corp.). U. S. 2,188,341, 
Jan. 30, 1940 (Dec. 24, 1931).—A process of preparing an 
abrasive article comprises applying to a flexible base 
abrasive grains and a binder including a heat-hardening 
composition of a phenolaldehyde resin brought into homo- 
geneous solution with a drying oil and heating to cause 
setting of the binder to a solid film characterized by ad- 
herence, flexibility, water resistance, and freedom from 


softening. 

Mechanism for shaping and truing the operative surface 
of grinding wheels used for form grinding. Coventry 
Gauce & Toot Co., Ltp., S. J. HaRLey, anp G. OLaH. 
Brit. 516,718, Jan. 24, 1940 (April 5, 1938). 

Metal-bonded abrasive articles. CarBoRUNDUM Co. 
Brit. 516,474, Jan. 17, 1940 (June 28, 1937). Carsno- 
RUNDUM Co. AND W. J. TENNANT. Brit. 516,702, Jan. 24, 
1940 (July 5, 1938); addition to 497,006. 

Metal-bonded abrasive or wear-resistant articles. 
CaRBORUNDUM Co. Brit. 516,475, Jan. 17, 1940 (June 
28, 1937). 

Method and apparatus for relieving gear cutters. M. 
H. JouHanson (Gleason Works). U. S. 2,188,005, Jan. 23, 
1940 (May 15, 1937). 

Portable hand buffer. G. W. Yerxey (Ed. Ball). 
U. S. 2,188,126, Jan. 23, 1940 (Dec. 6, 1938). 

Positive stop abrading tool. K. W. Connor (Micro- 
matic Hone Corp.). U. S. 2,188,567, Jan. 30, 1940 
(March 12, 1937). 


Resin-bonded abrasive article. S. S. KISTLER AND 


C. E. Barnes (Norton Co.). U. S. 2,189,733, Feb. 6, 

1940 (Jan. 28, 1938). U. S. 2,189,734 and 2,189,735, 

Feb. 6, 1940 (Jan. 28, 1938; renewed Oct. 31, 1939). 
Rotary grinding machines. N.AHLMANN. Brit. 516,- 


023, Jan. 3, 1940 (June 18, 1938). 

Tool-dressing apparatus for bevel gear generating ma- 
chines. HeInRICH SCHICHT Ferd. Klingelnberg 
Séhne). U.S. 2,188,016, Jan. 23, 1940 (Feb. 23, 1937). 

Tool-grinding machines. F. DeckeL. Brit. 516,558, 
Jan. 17, 1940 (March 5, 1938). 


Art and Archeology 


o-Venetian vase. E. B. Haynes. Connoisseur, 
104 [458] 187-89 (1939).—In establishing the date (1673 to 
1676) of the vase, H. tells something of the history of 
Anglo-Venetian work. Of the imported craftsmen, the 
Dutch far outnumbered the Italian, and the Venetian 
styles were modified considerably. Even Verzelini glasses 
have enlarged bowls to suit a ‘‘deeper drinking country.” 
The closest adherents to the Venetian styles were influ- 
enced by the new lead metal and the different technique 
it required. Illustrated. M.E.P. 
Art of the Maya. Marcaret B. Howser. Art News, 
36 [10] 8-9, 21 (1937).—H. describes typical ceramic ware 
of the ancient civilization of the Maya. Illustrated. 
F.G.H. 
Ceramics with a Yuletide flavor. ANon. Aris & Dec., 
51 [3] 9 (1939).—Jean Manley depicts a series of Yuletide 
porcelain figures. Illustrated. L.F.M. 
Chinese porcelains on ade. ALFRED SALMONY. 
Art News, 38 [4] 7-12 (1939).—The history of Chinese 
porcelain is reviewed and excellently illustrated. 
F.G.H. 
Chinese potters in review. J. Leroy Davipson. Ari 
News, 36 [17] 15 (1938).—Pottery and porcelain from the 
collection of E. Baerwald of Berlin are described and 
illustrated. F.G.H. 
Crystalforthetable. ANon. Verre & Silicates Ind., 10 
[34-36] 346-47 (1939).—Excerpts from the Almanac des 
Gourmands, 7th year, printed by Callot, Paris, MDCCCX, 
are given. The use of crystal ware for the table is de- 
scribed in the quaint manner of the time, with the occa- 


sional introduction of advertising matter and cautions 
against substitutes, showing that business ar have 
not changed. M.V.C. 

Early German art revived; historic materials used by 
Mrs. Keyser. GrAcE RAMEY. Bull. Amer. Ceram. Soc., 
19 [2] 85-86 (1940). 

English delft. BrRNARD Racknam. Arts & Dec., 51 
[3] 30, 31, 39 (1939).—Delft pottery is determined by its 
coating of opaque tin glaze or enamel which provides a 
surface for painted decoration. Before the ware has been 
fired and when it is in a porous absorbent state, the object 
is painted with great precision and rapidity. The painted 
design is permanently fixed in the second firing. This type 
of painting was limited to only four tones, blue, green, 
yellow, and purple. Illustrated. L.F.M. 

Fundamentals of glass-container design. Darre i E. 
BRINER. Ceram. Ind., 34 [2] 42-45(1940).—To doa good 
design job and produce a package which will satisfy the 
customer and be suitable for easy production in the plant, 
the designer must know (1) what type of product the 
container is to hold, (2) approximate retail price of the 
package including contents, (3) desired finished size of con- 
tainer, (4) dimension details fixed by customer, (5) type of 
decorative motif, (6) whether it is to be a single or dual-use 
package, (7) whether it is a lone unit or one of a family, 
(8) sizes, color, and shapes of all labels to be used on the 
package, (9) chemical nature of the product to be packed, 
and (10) types of bottle-forming machinery in the glass 
plant and the filling, labeling, and capping machinery in the 
customer’s plant. Illustrated. L.M.C. 
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Glass. M.L.ANpDERSON. Archilectural Rev.,74, 33-35 
(1933).—Many types and styles of glassware are de- 
scribed and illustrated. F.G.H. 


Glassware. ANON. Architectural Rev., 78, 293-96 
(1935).—Illustrations. F.G.H. 
Lea H. Halpern, Dutch ceramist. K. ZimmMERMAN. 


Bull. Amer. Ceram. Soc., 19 {2} 85 (1940). 

Inscriptive pottery. FRANK Davis. IJilus. London 
News, 103 [2692] 994 (1938).—A collection featuring 18th 
century English plates with verse inscriptions and red and 
green decorations is illustrated. L.F.M. 

Knives with porcelain and glass handles: 18th century. 
ANON. Connotsseur, 104 [457] 163 (1939).—Six knives 
are shown in a full-color illustration and are labeled as 
follows: (1) French (Tournai?), mounted in Russia, 
1790; (2) Meissen, with steel blade, water-gilt; (3) Chan- 
tilly, probably mounted in Germany; (4) Chantilly, 
mounted in Germany; (5) Chantilly, mounted in England; 
(6) Venice glass, mounted in Germany. M.E.P. 

Method of designating colors. Drane B. Jupp AND 
KENNETH L. Jour. Research Nat. Bur. Stand- 
ards, 23 [3] 355-85 (1939); R.P. 1239. Price 10¢.—A 
method of designating the colors of powdered drugs and 
chemicals and crude whole drugs is described which was 
devised for its applicability to colors of opaque non- 
metallic surfaces. Suggestions for its extension to the 
color designations of transparent and translucent media 
are given. It is hoped that it will eventually be elabo- 
rated into a successful system of color designation for the 
general use of science, art, and industry. R.A.H. 

Nature of pink pigment for ceramic masses. N. K. 
ANTONEVICH. Zhur. Priklad. Khim., 11, 1320-33 (1938). 
—The pink pigment is a synthetic pinc rubin mineral con- 
taining a small amount of Mn and is obtained from a 
mixture of Al,O; and not under 30% of manganese phos- 
phate calcined at over 1200° (best results are obtained at 
1250° to 1325°). Manganese phosphate can be obtained 
by interaction of manganese chloride or sulfate with 
ammonium phosphate or sodium phosphate salt. Pink 
corundum contains not over 2% MnO. The remainder is 
needed in the process of formation of corundum but is 
superfluous in the pigment and should therefore be elimi- 
nated. The pigmenting power of pink corundum de- 
pends on its presence in the porcelain mass as a me- 
chanical chemically inert admixture. P.B. & ES. 

Newly discovered pottery. P. DreLtouGcaz. Iilus. Lon- 
don News, 103 [2693] 1027, 1028 (1938).—Several speci- 
mens of painted pottery, discovered during the excava- 
tions at Khafaje, are illustrated in color. The vases are 
from 3%/, in. to 13'/: in. high. L.F.M. 

Oriental art in the William Rockhill Nelson Gallery of 
Art. LANGDON WARNER. Art News, 32 [10] 53-60 
(1933).—Pottery and porcelain from the various countries 
of the orient are described and illustrated. F.G.H. 

Painters and sculptors in crystal. Dororny Lerrerts 
Moore. Magazine of Art, 33 [1] 34-35 (1940).—The 
exhibition of Steuben glass from designs of 27 eminent 
artists does much for the revival of fine glassmaking with 
emphasis on purity of metal, perfection of workmanship, 
and simple designs for multiple production. Copper- 
wheel engraving, used at Steuben as the best means of 
decoration, contrasts the design sharply with the clear 
crystal. Many of the submitted designs were difficult or 
unsuitable for this technique. Plate shapes proved more 
adaptable to many designs. Illustrated. M.E.P. 

Panorama of the art of China: Drummond objets. 
MartTHa Davipson. Art News, 35 [33] 12, 19 (1937).— 
Pottery from the collection of William Drummond of Pei- 
ping is described and illustrated. F.G.H. 

Persian pottery of the Parish-Watson collection. Mary 
Morsetit. Ari News, 32 [32] 3, 9 (1934).—Illustrated. 

F.G.H. 

Potter’s view of American potters. R. Guy Cowan. 
Art News, 35 [4] 15-16 (1936).—The various techniques 
employed by representative potters of America are 
briefly described and illustrated. F.G.H. 

Pottery. Harry TRETHOWAN. Architectural Rev., 74, 
36-38 (1933).—Styles in pottery tableware are described 
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and illustrated. See “British—,’’ Ceram. Abs., 15 Ut} 3 
F.G 


(1936). 
Pottery andchina. ANon. Architectural Rev., 78, ‘268- 
92 (1935).—Illustrations. F F.G. H. 


Pre-Columbian art at the F FREDERICK R. PLEA- 
sanis. Magazine of Art, 33 (oh 84- 91 (1940).—Diverse 
art styles and techniques are described. Mosaic workers 
and potters are numbered among the various crafts guilds. 
A pottery vase (Maya culture) with engraved design 
representing a jaguar, from Yucatan, is illustrated. 
M.E.P. 

Theodore Amasa Randall, 1857-1926. Anon. Bull. 
Amer. Ceram. Soc., 19 [2] 71-73 (1940). 

Silicate industries in Japan. A. Sion. Verre & Sili- 
cates Ind., 10 [31-33] 326-27 (1939).—The ceramic indus- 
try was originally introduced into Japan from China and 
Korea, and the abundance of pottery clays, the industry of 
the people, and the encouragement of feudal lords con- 
tributed to the prosperity of the industry. About 500 
years ago Shogun Ashikaga Yoshimasa introduced the tea 
cult and ceremonies at Kyoto, and the possession of rare 
tea services became fashionable. In the peaceful epoque 
of the Tokugowa (1603 to 1868), ceramic art developed 
further, but ceramic products were not exported until well 
after that period. Modern scientific methéds of mass 
production were adopted toward the end of the 19th cen- 
tury. The principal production centers are the Pre- 
fectures of Tokyo, Kanagawa (porcelain of Kutani), 
Kyoto (porcelain of Kiyomizu and Awata), Saga (porce- 
lain of Arita), and Kagoshima (Latsuma porcelain) for 
art porcelain and the Prefectures of Aichi, Gifu (Mino 
porcelain), and Mie (Taisho Banko porcelain), which are 
the centers producing table services and architectural 
ornaments (more than 70% of the total exports of Japan). 
Japan has become one of the principal world producers 
of porcelain. The countries in North America import one 
third, Asia one third, and the remaining third goes to other 
parts of the world. The glass and cement industries have 
also grown in importance in Japan. M.V.C. 

Survey of early Chinese art. J. Leroy Davipson. 
Art News, 36 [16] 11-12, 23 (1938).—D. surveys early 
Chinese pottery. Illustrated. F.G.H. 

Survey of later Chinese art. Martua Davipson. Ari 
News, 36 [25] 11 (1938).—Ceramics and objets d’ari from 
Ming to Ch’ien-Lung are briefly described and illustrated. 

F.G.H, 

Thirty centuries of Chinese art. Marraa Davipson. 
Art News, 35 [9] 12-13, 24 (1936).—Pottery and porcelain 
of many dynasties are described and illustrated. 

F.G.H. 

Thirty-five hundred years of glass. ALFRED M. FRANK- 
FURTER. Art News, 35 [3] 13-14 (1936).—Numerous 
museum pieces are described and illustrated. F.G.H 

Windows in Sacred Heart Chapel. Caro._tne Bouw- 
nurs. Stained Glass, 34 [3] 72-80 39 ).—The character- 
istics of the stained glass windows of the Sacred Heart 
Chapel in the German Roman Catholic Orphanage at 
Buffalo, N. Y., are described and illustrated. F.G.H. 


BOOK 

Excavations at Dura-Europos. Edited by M. I. 
Rostovtzerr, F. E. Brown, anp C. B. Weties. “Yale 
University Press. Price 44s. Reviewed in Jimes Lil 
Supp., No. 1979, p. 11 (1940).—A full preliminary report 
is given of the seventh and eighth seasons of work (1933 to 
1935) on these excavations, which have been going on 
since 1928. Hellenistic, Parthian, and Roman discoveries 


were made. K.W.W.B. 
PATENTS 
Decalcomania and method of pot J. W. Kaper. 
U.S. 2,190,210, Feb. 13, 1940 (Nov. 23, 1937). 


Designs for: 

Dish. K. S. Herper (Hazel-Atlas Glass Co.). U. S. 
118,819, Feb. 6, 1940 (Dec. 14, 1939). J. E. Spence 
(Hazel-Atlas Glass Co.). U. S. 118,951, Feb. 13, 
1940 (Dec. 18, 1939). U. S. 118,952, Feb. 13, 1940 
(Dec. 19, 1939). 
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Drink mixing cup. Louis Myers (David Gensburg). Plate. C. W. Lercn (Morimura Bros., Inc.). U. S. 
U. S. 118,725, Jan. 30, .~ (July 31, 1939). 118,703, Jan. 30, 1940 (Nov. 30, 1939). U.S. 118,704 to 
Flower ho Ider. M. K. Grant (Gladding, McBean & 118,708, Jan. 30, 1940 (Dec. 6, 1939). 

Co.). U.S. 118,752, Jan. 30, 1940 (March 6, 1939). Tumbler. H. L. Lissrerr ( ing Glass Works). 
Glass. E. W. Fuerst anp W. D. Teacue (Libbey U. S. 118,825, Feb. 6, 1940 (July 14, 1939). WutaMm 
Glass Co.). U.S. 118,620, Jan. 23, 1940 (May 23, 1939). Lunpy (Olean Glass Co.). U. S. 118,963, Feb. 13, 
Pitcher. Dopson Hastup. U. S. 118,721, Jan. 30, 1940 (June 8, 1939). Cartes Sawyer (Libbey Glass 
1940 (July 1, 1939). J. E. Spence (Hazel-Atlas Glass Co.). U.S. 118,650 to 118,654, Jan. 23, 1940 (Nov. 29, 
Co.). U.S. 118,727, Jan. 30, 1940 (Nov. 20, 1939). 1939). 

Cements 


Dehydration of A.A. Turtsev. Isvest. Akad. 
Nauk S.S.S.R., Sertya Geol., No. 4, pp. 180-87 (1939).— 
In natural gypsum, hygroscopicity reaches 0.20%; in 
synthetic gypsum it reaches 1.24%. It changes to the 
semihydrate at 82°C., this being the lowest temperature 
at which the yield of hydrate water is possible at normal 
conditions. The water in the semihydrate CaSO,(1, */:- 
0)H,O has a zeolite character and separates out in the 
interval 82° to 200°C. The dehydrated semihydrate 
represents the final member of the isomorphous series. 
The form CaSO,-'/,H,O is of the monoclinic type and 
differs structurally and optically from CaSO,('/,-0)H,0. 

B.Z.K 


Effects of CaCi,, AICl,, and FeCl, on setting time and 
strength of Portland cement. Ket-rcnr AKIYAMA AND 
Jumper Unozawa. Waseda Applied Chem. Soc. Bull., 13 
[26] 1-7 (1936).—CaCk, AICl;, and FeCl; were added to 
the plastic 1:3 cement sand mortar (water:cement ratio 
0.65), and their effects on the setting time and the strength 
were studied. They accelerate the setting time; even 
1 to 2% of AICI; or FeCl; causes quick setting or flash 
setting. The strength was also increased. The results 
showed that an addition of 2% of the agents is the most 
effective. Too large an addition decreases the strength of 
the mortar when stored in water for 28 days. AICI, is 
the most effective agent followed by CaCh. bg 2 

Pozzuolanic cements: II, Researches on the mono- 
calcium silicate hydrate. Virrorrio Crem. Ann. 
Applicata, 28 [6] 239 (1938); Béibliografia Ital., [II] IV 
[10-12] Chimica Sect., Abs. 717 (1938).—By means of the 
calorimeter, C. found that only one molecule of H,0O is 
that of crystallization in hydrate monocalcium silicate. 
The removal of this water took place with difficulty; it 
began above 130° and was completed at about 700°C. 
The calorimeter, optical studies, and X-ray analysis 
showed that hydrate monocalcium silicate began to de- 
compose at 130°C. in bicalcium silicate and SiO, which re- 
combine at a higher temperature, giving wollastonite. 
From the way in which monocalcium silicate decom- 
poses, C. concludes that the molecule of water must be 
considered as water of constitution. V.S.M. 

Pozzuolanic cements and their control. Q. Smestrnr. 
Cemento Armato, No. 7, p. 125; No. 8, p. 139; No. 9, p. 
159; No. 10, p. 176 (1937); Bibliografia Ital., [II] I [1-3] 
Chimica Sect., Abs. 197 (1938).—The most important 
works on pozzuolanic cements and their control are re- 
viewed. V.S.M. 

Preparation of aluminous cement from aluminum phos- 
phete ore: III. Axryama. Waseda Applied 


from aluminum phosphate ore in a large-scale experiment 
were not suitable for making cement because they con- 
tained too much silica. The addition of lime, gypsum, and 
Portland cement to the slag was unsuccessful. A. pre- 
pared several aluminous cements of low silica content in 
the laboratory. Pure aluminum phosphate was added to 
aluminum phosphate ore to increase the alumina content 
of the cement; lime and coke were also added. The 
mixture was heated to 1450°C. in a graphite crucible. The 
chemical and hydraulic properties of prepared cements are 
as follows: (E-41) SiO, 6.44, Al,O; 42.50, Fe,O; 3.42, 
CaO 42.1, and P,O; 0.22%; strength 301 kgm. per cm.?; 
(E-43) SiO, 11.25, Al,O; 43.41, Fe,O; 3.39, CaO 38.81, and 
P,O; 0.73%; strength 321 kgm. percm.*. A. confirmed the 
possibility of making alumina cement from aluminum 
phosphate ore of low. silica content. For Part oh see 
Ceram. Abs., 18 [1] 8 a 

Properties of a mixture of Portland cement and diate 
cement. Ker-icn1 AkryaMA, Kinjt UERSUGI, AND Kojiro 
Kuwanara. Waseda Applied Chem. Soc. Bull., 13 [28] 
7-16 (1936).—The setting of a mixture of Portland and 
alumina cements was studied. Portland cement and 
ciment fondu were mixed in various ratios, and the setting 
time was measured. The mixtures containing 30 to 70% 
show very quick setting or flash setting. The strength 
of the mixture is lower than that of each cement. The 
addition of quicklime to alumina cement quickened the 
setting time. Calcium dihydrophosphate prevented quick 
setting and increased the strength of the mixture. The 
heats of hydration of the mixtures were also measured. 
The temperature rise of the mixture which showed flash 
setting was very high and the speed of heat evolution was 
rapid, but the total heat of evolution was less than that of 
alumina cement alone. Y.K. 

White clay-gypsum cement. P.P. Bupnikov AND V. K. 
Guzev. Kommunalnoe Stroitelsivo, 1938, No. 9, pp. 8-14. 
—A cheap cement is obtained by joint grinding of clay or 
kaolin calcined at about 800°, CaSO, (natural or obtained 
from CaSO,-2H;0 by calcining at 600°), and lime. In the 
setting of this cement, anhydrite hydrates under the in- 
fluence of Ca(OH):; CaSO, interacts with calcined clay 
whose Al,O; and SiO, are in an active state (the activity 
was determined in a diphenylmethane calorimeter) and 
forms calcium hydrosulfoaluminate and calcium hydro- 
aluminosilicate of the composition 2SiO,-Al,O;-CaO-- 
10H,O. Calcium hydrosilicate and hydroaluminate are 
also formed. The reaction velocity depends on the 
Al,O; content of the clay, the temperature and time of 
calcining, the ratio of the different components of the 


Chem. Soc. Bull., 15 [4] 15-17 (1938).—Slags obtained cement, and the gypsum modifications. P.B. & E.S. 
Enamel 
Advancements in porcelain enameling during 1938. the industry has ever seen, is the development of an enamel 


F.R. Atkinson. Jour. Can. Ceram. Soc., 8, 79-84 (1939). 
—Two enameling developments took place in 1938 that 
are considered the most important of the year. One was 
the development of a light-absorbing material called 
“Stabelite’’ which does not allow the reflectance and, con- 
sequently, the whiteness of the ware to go beyond a cer- 
tain predetermined point, no matter how many additional 
coatings it is necessary to apply in order to cover up sur- 
face defects. The other, which is considered the most 
radical departure from regular enameling procedure that 


of tremendous opacity or coverage. This type of enamel 
has so much opacity that it can be applied at 60% of the 
weight of application of superopaque enamels and result 
in the same white color and the same percentage of re- 
flectance. J. 
Advantages of the nickel-dip solution of the modern 
pickle room. H.L.Coox. Enamelist, 15 [7] 5-7 (1938). 
—The proper use of a nickel dip prevents copperheading 
from over-oxidized metal, promotes adherence, and de- 
creases or eliminates fish-scaling. L.E.T. 
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Applying enamel pone coats by electrical deposition. 
A. E. BADGER AND BuRNHAM W. KiNG, Jr. Ceram. Ind., 
[2] 41 (1940).—Experiments were made to deter- 
mine whether electrophoresis might be used to apply a 
ground coat to enameling iron with possibilities of pro- 
ducing thinner ground coats than those formed by dipping 
and of devising an automatic method of application. A 
commercial soft sheet steel ground coat was made up into 
a very thin slip and placed in a vessel near a source of 110 
volts d.c. Two pieces of sheet iron were connected to the 
d.c. poles and dipped in the slip for various periods of time. 
A layer of ground coat was deposited on the sheet con- 
nected with the positive pole; the other sheet was un- 
affected. A dip of 3 sec. was sufficient to form a suitable 
ground coat. This ground coat was about 2.5 mils 
thick. Illustrated. L.M.C. 
Basis of European enamels. HELEN Hirscn. Ceram. 
Ind., 34 [2] 60-62 (1940).—H., niece to the late om 
Gruenwald of Vienna, Austria, served as secretary t 
Gruenwald and to his successor, Herbert Charles Thomp- 
son, of England. Upon the death of each of these famous 
Continental enameling experts, she received their 
formulas, records, correspondence, and research data. 
This, the first of two articles, presents as a historical record 
some of Gruenwald’s best formulas and interesting details 
about his life. L.M.C. 
Box-type electric furnaces and firing equipment. W. C. 
Cummincs. Jour. Can. Ceram. Soc., 8, 68-73 (1939).— 
Electric furnaces for porcelain enameling are used to a 
large extent in Canada. This is due largely to low cost of 
electric power, comparatively low cost of maintenance, and 
more satisfactory results. C. discusses various advan- 
tages of electric furnaces. One of the principal criticisms 
of the electric enameling furnace is the cost of electrical 
energy when used as a heating medium, in comparison 
with other fuels, when reckoned ona straight B.t.u. basis. 
To conserve some of the heat wasted in heating firing bars 
experiments were conducted to determine whether lighter 
firing bars would bring about any economy. Lighter 
point bars for sheet-iron firing, if sufficiently light, will 
heat as quickly as the ware and can be used cold without 
causing underfiring trouble. If lighter point bars are used 
with an electric furnace, the furnace temperature will not 
drop as much and firing time is shortened. Shorter 
firing time allows less time for bars to cool between firing 
cycles, thus saving electricity and increasing production. 
Working conditions are improved by the use of light firing 
bars as the burners do not have to work over the excess 
heat given off by the heavier bars. J.G.P. 
Cast iron forenameling. K.Emmet. Giesserei, 26 [11] 
285-87 (1939).—E. examined cast-iron types which could 
be easily enameled with a firmly adhering layer. Results 
showed that enamel adheres best on ferritic cast Fe, 
whether it is ferritic because of its mixture in production or 
whether it became ferritic because of treatment in service 
by disintegration of the carbide whereby its graphite con- 
tent was increased. Castings with a pearlitic structure 
and very fine graphite distribution could not be enameled. 
Ferritic castings with a much stronger growth (8 to 9%) 
than that of pearlitic cast Fe (3 to 4.5%) could be en- 
ameled well, but cast Fe with little growth could not be 
enameled at all. C gases developing in pouring favor 
enamelability as they produce stronger ferrite formation 


in the outer quickly cooling layer of the casting. Etchings 
show the differences in structure. M.H. 
Consistency of liquid enamels. J.E. Hansen. Email- 


lerie, 7 [6] 7-10 (1939).—Clay is indispensable for obtain- 
ing the proper suspension of enamels, and the consistency 
of the suspension varies according to the quantity and 
quality of the clay, which must be pure. Bentonite can be 
used because of its plastic and electrolytic properties. 
The choice of the electrolyte (borax, magnesium car- 
bonate, ammonia) and the quantity to be used depend on 
the granulation and percentage of clay and water. Feld- 
spar or quartz in small quantities, tin oxide, and certain 
other opacifiers do not affect the suspension and consistency 
of enamels. The quantity of water in the mill affects the 
consistency and the ease of working of the enamel. The 
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consistency, dipping, and draining also vary with the fine- 
ness of grinding. Coarsely ground enamels cannot be 
stored long but drip faster; finely ground enamels keep 
their properties for a long time but take longer to drip. 
The best temperature to dip enamels is at 18° to 26°C.; 
a water-cooled vat for dipping is described. The suspen- 
sion of enamels which have lost their consistency can be 
restored by the addition of solutions of magnesium sul- 
fate, magnesium chloride, or sodium nitrite. Concen- 
trated boiling borax or ammonia or ammonium carbonate 
is sometimes used. M.V.C. 

Control mill liquor to eliminate tearing. T. D. Harrs- 
HORN. Ceram. Ind., 34 [2] 50, 62 (1940).—The effects of 
the soluble salts in enamel mill liquor have long been 
known but are seldom regulated by actual plant control. 
H. incorporated control in his plant. The method of 
analysis consists in titrating the total alkalinity of a 
10-cc. sample of clear mill liquor with standard acid, using 
methyl orange indicator, and calculating to Na,O. The 
same sample is boiled to expel the CO,, cooled, and ti- 
trated with standard caustic solution, adding neutral 
glycerine and using phenolphthalein to give the B,O; 
content. In H.'s shop a fairly rapid drying schedule is 
maintained. Because of the tearing experienced, extra 
clay was originally added to increase bisque film strength. 
With the introduction of finely milled enamels, however, 
when enough clay is added to give proper film strength 
it interferes with the enamel set. All cover-coat enamels 
are therefore milled with an excess of water at least 3 
days prior to use and stored in stainless steel tanks to allow 
settling. All clear water is then removed, and sodium ni- 
trite is added in solution. In this way, the B,O; solution 
is slightly lowered. The alkaline salts appear to be more 
efficient in hardening the enamel bisque and promoting its 
adherence to the fired ground coat. It is desirable to use 
some definite kind of control on the composition of enamel 
mill liquor, preferably analysis of Na,O and B,O; contents 
and possibly determination of the total dissolved materials 
by drying at 210°F. L.M.C. 

Design and preparation of castings for porcelain enamel- 
ing. Ropert B. Trans. Amer. Foundrymen's 
Assn., 46, 769 (1939).—The success or failure of enamel asa 
finish is vitally influenced by the design of the parts and 
the accuracy of their fit when assembled and by factors 
in the foundry, such as sand conditions, types of pattern, 
and treatment after molding in preparation for the en- 
ameling itself. The desirable features in the design of 
enameling castings are (1) careful attention to clearance 
and tolerances; (2) accuracy of the pattern to insure 
proper fit upon assembling; (3) reproduction of pattern 
accuracy in each casting; (4) freedom from unusual warp- 
ing and buckling on heating; (5) uniform section; (6) 
care in selection of parting lines; (7) breaking up of large 
flat surfaces; and (8) elimination of sharp edges. Hair- 
lines, poor fit, and blistering may be largely eliminated 
by proper design. 

Distilled water for use in porcelain enamel. 
BENSINGER. Enamelist, 15 [8] 14-17 (1938).—Rain wa- 
ters are generally contaminated with solids, absorbed acids, 
and alkalis. Water treated through a softener is also 
not satisfactory due to the interchange of salts. Dis- 
tilled water made in a factory still equipment or bought 
outside insures maximum freedom from objectionable 
impurities, and the added expense is fully justified. An 
installation of a distilled-water supply in the mill room is 
shown. A few simple quantitative tests to determine 
solids and impurities in water are given. L.E.T. 

Errors in reflectance measurements of porcelain enamel 
surfaces. M. J. BAHNSEN AND L. S. O'Bannon. Ferro 
Enamel Corp. Tech. Bull., No. 3, 30 pp. (Oct. 1, 1939).— 
Varying conditions which may easily contribute to differ- 
ence in reflectance measurements include grinding, specific 
gravity, sampling, and weighing. The authors conclude 
that the greatest error in the usual reflectance measure- 
ments occurs in the weighing of the sample. If par- 
ticularly careful work is to be done, large samples should 
be used, and they should be weighed as accurately as 
possible, kept essentially flat, sprayed with a minimum of 
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orange peel, and fired at correct temperatures. When 


F.J.Z 
high opacifier additions in porcelain 
enamels. Joun F. Hunt. Jour. Can. Ceram. Soc., 8, 
84-88 (1939).—In an effort to realize certain advantages 
from fine milling, three major changes were instituted in 
previous work. Instead of a normal opacifier addition, a 
20% addition was used. Instead of grinding to 0 gm. on 
200-mesh, grinding to 1 to 2 gm. on 325-mesh was carried 
out. In place of the regular type of spray gun used, a 
combination needle, nozzle, and air cap was adopted 
which gave greater atomization and freedom from pitting 
and dusting. These changes made possible an application 
of an even coat of good opacity as low as 25 gm. per sq. 
ft. H. discusses materials and equipment used in the 
process, milling, application, drying and brushing, and 
firing and lists the advantages of the process. The sub- 
ject of fine milling with high opacifier additions is the 
most widely discussed in porcelain enameling in the 
United States. The advantages given by this process 
should make possible greater expansion in the use of por- 
celain enamel. Since a thin opaque coating can now be 
had with this type of enamel, it should replace other non- 
vitreous coatings. J.G.P. 

Manufacture and matching of color oxides. H. M. 
BRENNER. Enamelist, 15 [5] 5-8 (1938).—B. outlines the 
various steps necessary for the manufacture of coloring 
oxides for porcelain enamel. He discusses the methods of 
mixing the base coloring oxides, the best combinations to 
use, and the various factors which enter into color variation 
in enamel. Chemicals and mineral oxides for producing 
black, gray, blue, brown, yellow, green, red, and orange 
shades are listed. 

New uses for lain enamel. J. T. Irwin. Jour. 
Can. Ceram. Soc., 8, 89-95 (1939).—I. lists a number of 
new uses that have been developed for porcelain enamel 
and gives suggestions for additional applications for a finish 
that offers cleanliness, resistance to corrosion, abrasion 
resistance, and heat resistance. New applications include 
medical cabinets, telephone-booth interiors, frosted-food 
cabinets, washing machines, coal chutes, hot water heater 


tanks, chimney flue linings, etc. J.G.P. 
Processes d fusion of enamels. VIELHABER. 
Emailwaren-Ind., 16 [43-44] 252-54 (1939).—It is as- 


sumed that, during the fusion of enamel, the fluxes 
begin to melt first because they have a lower melting point 
than the refractory mineral constituents of the enamel. 
V. has shown, however, by a series of experiments that the 
melting point of a mixture of fluxes and refractory minerals 
may fall below the melting point of the fluxes and that the 
fusing point does not always rise with increasing refractory 
mineral content and decreasing flux content. Fluorspar 
is considered a good flux in additions up to 8%, though 
batches with 10 and 12% and more were found. This is 
explained by the experiments as follows: Soda is usually 
present in the batch to react with fluorspar, and 8% 
fluorspar gives a good ratio. If the soda content is raised, 
the fluorspar content can also be raised without affecting 
the action of the fluorspar, but the soda cannot be re- 
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placed by other fluxes. The fluxing action of fluoride also 
varies with the kind and quantity of flux present, but the 
proportions cannot exceed certain limits. Borax sur- 
passes other fluxes only when used in considerably larger 
amounts. M.V.C. 

Produce 1500 different items in southern enamel plant. 
Anon. Ceram. Ind., 31 [2] 40-41 (1938).—The Samuel 
Stamping & Enameling Co., Chattanooga, Tenn., main- 
tains its own die-fabricating department, water plant, and 
smelting plant and two continuous furnaces, two box fur- 
naces, and a multitude of accessory equipment which make 
it a modern factory capable of producing as many as 
1500 different enameled items a month. A detailed de- 
scription is given. E.J.V. 

Situation of the German enamel industry. VIELHABER. 
Emailwaren-Ind., 16 [39-40] 235 (1939).—Research in the 
enamel industry, principally on problems relating to raw 
materials, has been continued, and the use of scarce ma- 
terials has been reduced. Exports have been cut down. 

M.V.C. 

Tearing of vitreous enamels. J. E. ROSENBERG AND 

v F. LANGERMAN. Jour. Amer. Ceram. Soc., 23 [3] 80-86 
1940). 

Tellurium lead for pickling equipment. G. O. Hriers 
AND G. A. Steers. Metal Ind. [London], 54 [4] 143-45 
(1939).—Small amounts of tellurium added to lead give 
increased fatigue and corrosion resistance, and this re- 
sults in greater life when tellurium lead is used for pickling 
tanks. Tellurium lead possesses the ability to be cold 
worked, and this property is of great advantage in pre- 
venting ballooning of heating coils. H.E.S. 

Testing of the enamel layer for impermeability (dense- 
ness). V.Z.Ostrrovskifl. Khim. Mashinostroenie, 1938, 
No. 2, pp. 31-32; Khim. Referat. Zhur., 1 [11-12] 200-201 
(1938); Chem. Abs., 33, 9570 (1939).—For the chemical 
determination of invisible pores and cracks in the enamel 
layer the surface of the enamel is liberally wetted several 
times with a 3% solution of KCI (several drops of H,O, per 
100 ml. of the KCI solution may be added). After 1 hr. 
the enamel surface is wetted with a solution of K,Fe(CN). 
or of NH,CNS. In the presence of cracks or of pores, blue 
spots from K,Fe(CN)<. or red spots from NH,«CNS appear. 
Thin (hair) pores cannot be detected by this method. For 
their determination the electric method is used. Pour 
some 1% neutral NaC! solution and several drops of 
phenolphthalein into the vessel being tested. A _ mnilli- 
ammeter is connected to a d.-c. circuit, one end of which is 
connected to the anode immersed in the solution and the 
other end to the outer surface of the ware being tested 
(cathode). To obviate damage to the milliammeter, two 
electric bells with push buttons are connected to it in 
parallel (100 v. and 2 v.). The d.-c. circuit is closed with 
the push button of the 100-v. bell. If the bell does not 
ring, the 2-v. bell is connected. If no signal is obtained 
the milliammeter is connected to the circuit. Diagrams 
are given. 

Testing the scratch hardness of different enamels. A. 


KONIGER. Glashiitie, 69 [27] 465-68; [28] 484-86; [29] 
499-501; [30] 515-18; [31] 531-33 (1939); see Ceram. 
Abs., 18 [3] 70 (1939). M.V.C. 
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Action of arsenic on the coloring and decolorizing of 
I. L. Sprincer. Glashiitte, 69 [29] 497-99 

1939). —Arsenic acts on color oxides sometimes as oxidizer 
and sometimes as reducer, (1) oxidizing iron oxide; (2) 
weakening manganese oxide; (3) causing the disappearance 
of a brown violet color produced by nickel oxide in a soda- 
lime glass; no action was observed on a cobalt blue glass; 
(4) displacing the yellow coloring of chromium compounds 
toward green; (5) reducing copper oxide; arsenic decolor- 
ized silver in a lime crystal glass, but had no effect on a lead 
glass; it deepened the yellow color when introduced into 
another glass; (6) weakening the effect of selenium; and 
(7) oxidizing and decolorizing sulfur and carbon com- 
pounds. No arsenic is used with rare earths. The ques- 


tion of the effect of arsenic on the fading of colored glasses 
in light is complex and depends on the amount contained 
and on the other constituents; the presence of lead oxide, 
however, tends to counteract fading. M.V.C. 
Air cooling of tank blocks. W.M. Hampton. Jour. 
Soc. Glass Tech., 23 [96] 108-15T (1939).—H. attempts to 
calculate the temperature distribution through tank 
blocks for certain assumed temperatures within the tank 
and outside it. The basis of the calculation is that the 
three qualities of heat, (a) that transferred to the inner 
surface of the blocks, (6) that conducted through the 
blocks, and (c) that dissipated from the outer surface of 
the blocks, must be equal. Relative measurements are 
given for the rate of corrosion of refractories at different 
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temperatures, and from these and the calculated tempera- 
tures an estimate of the change of thickness of the blocks 
with time is obtained by numerical integration. The cal- 
culations suggest that forced air cooling is of no value in 
the early stages of the life of a tank and makes relatively 
small difference in the temperature of the inner surface, 
even when the blocks are considerably reduced in thick- 
ness. G.R.S. 
Air filters manufactured out of glass wool. ANon. 
Gesundh.-Ing., 61 [3] 41 (1938).—Experiments made 
with American and Russian glass wool for air filters are 
described. Results are given and compared. See “Air 
Conditioners—,”’ Ceram. Abs., 19 [1] 19 (1940). 
W.D.K. 


Attempt to correlate some tensile strength measure- 
mentson glass. JamesBaitey. Glass Ind., 20 [1] 21-25; 
[2] 59-65; [3] 95-99; [4] 143-47 (1939).—The pertinent 
data required are listed. B. assumed that the measured 
strength depends upon the character of the flaws, that 
these flaws magnify the applied stress, and that breakage 
occurs when the stresses at the apexes of the flaws reach a 
certain maximum value. An attempt is made to derive 
a relation between the strength and the stressed areas in 
one lot of test pieces. The effect of testing several short 
specimens instead of one long specimen is shown, indi- 
cating how the strengths vary due to variation in flaw 
distribution in the specimens. Considerable data on the 
area-strength relation are presented. The flaw is defined 
as a discontinuity in the structure which controls the 
strength of the whole and which affects the strength in 
proportion to its size and to its orientation with respect 
to the direction of stress. The works of Black (Bull. Amer. 
Ceram. Soc., 15 [8] 274-75 (1936)) and Preston (Jour. 
Amer. Ceram. Soc., 18 [7] 220-24 (1935)) are selected for 
the discussion of the strength-time relations, and the data 
obtained by these workers are studied. Much of the data 
on the tensile strength of commercial lime glass can be 
correlated by taking into account the three major fac- 
tors, viz., (1) the relation between stressed area and the 
flaw pattern, (2) the character of the flaws which deter- 
mine the stress level, and (3) the rate of stressing. If 
the type of test piece varies widely, an additional factor 
which appears to be a kind of orientation must also be 
considered. Various kinds of surface treatment, such as 
acid polishing, appear to change the level of stress without 
altering the flaw pattern or otherwise changing the be- 
havior of the glass under test. Surface compression due 
to lack of annealing must be corrected for unless this is 
very small. The assumption that the breaking effect of a 
stress is proportional to the time of application of the 
stress and inversely proportional to the breaking time 
at that stress is substantially in agreement with the findings 
of Black and Preston, and a method of applying this to 
the solution of various strength-time data is given. Cer- 
tain factors involved in testing are discussed. E.J.V. 

Automatic pressure-control systems for flat glass tanks. 
R. L. Suute. Ceram. Ind., 31 [2] 42-44 (1938).—S. 
discusses the accurate operation of glass furnaces by 
pressure, taking up the problems originally encountered 
and overcome by improvement of equipment used. 
He presents data on tests made and points out that the 
best location for the pressure-control point is on the side 
wall of the furnace, between the last port and mid-section, 
12 in. above the glass level. E.J.V. 

Coloring of green bottle glass and influence of color on 
workability. A.Dierzer. Glastech. Ber., 17 [11] 303-306 
(1939).—The action of MnO, in bottle glasses i is due to its 
high oxygen content which is partially liberated at melting 
temperatures and partly used in converting FeO to Fe,Os. 
There is a corresponding color change from blue-green to 
yellow-green. This is accompanied by improved thermal 
transmission through the glass during melting and lower 
heat radiation during working as shown by relative radia- 
tion measurements. Other oxidizing agents such as As,O; 
and CeO, have essentially the same effect as the MnO. 


J.F.H. 
Color tint of glass and the shortage of raw materials in 
rmany. ANON. Sprechsaal, 72 [49] 574 (1939).— 
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The simplest way to meet the shortage of domestic de- 

coloring agents is to encourage the use of more iron-green 

glass (not decolorized) for as many purposes as possible. 
M.V.C. 


Comparison of the rates of melting of glasses made from 
sodium carbonate, dolomite limestone, and silica sand. 
J. C. Porrs. Jour. Soc. Glass Tech., 23 [97] 129-40T 
(1939).—Using the disappearance of batch as a criterion, 
a comparison of the rates of melting of a series of glasses 
was made by two methods. Both methods gave sub- 
stantially the same results. The glasses were made from 
soda ash, dolomite limestone, and silica sand. The com- 
position range studied was 10 to 18 Na,O, 8 to 22 (CaO + 


MgO), and 63 to 80% SiO. G.R.S. 
Cooling of flat glass. Hipzo Yamamoro. Glastech. 
Ber., 17 [11] 301-302 (1939).—Flat glass prepared by the 


Fourcault and the Pittsburgh vertical draw processes was 
examined by means of a polariscope. The Fourcault glass 
showed noticeable strain only in narrow uniform bands 
along the edge; in the Pittsburgh glass the bands were 
broader and the strain was frequently found in the center. 
The temperature distribution was determined during opera- 
tion by contacting the glass at various points with a ther- 
mocouple, thus making it possible to control cooling condi- 
tions better. J.F.H. 
Distribution of temperature in molten masses of colored 
and colorless s. R. Haris, Eric PRESTON, AND 
W. E. S. Turner. Jour. Soc. Glass Tech., 23 [97] 171- 
96T (1939).—Preliminary measurements of the cooling 
rates of the different glasses showed that the colored glasses 
examined had a higher radiation power than a colorless 
glass of similar composition. The emissivity of these 
glasses depends not only on their color, but also on the 
concentration of the coloring agent present in the glas:;. 
Arranged in decreasing order of radiation power, the 
glasses are a dark iron-manganese amber containing 
4.6% Fe,O; and 5.1% MnO, a green iron-manganese glass 
containing 1.57% Fe:O; and 2.3% Mn0O,, a light iron- 
manganese amber glass containing 2.88% FeO; and 
3.28% MnO, and a carbon-sulfur amber glass containing 
0.2% FeO;. To determine the vertical temperature 
gradient of a molten mass of glass, an experimental rec- 
tangular tank holding 45 lb. of glass and having a depth 
of 5 in. was constructed; when thermal equilibrium had 
been obtained, a thermocouple was lowered into the molten 
glass and the temperatures were measured at different 
depths in increments of '/, in. The order in which the 
temperature gradients of the glasses increase with increas- 
ing depth is, in all cases, colorless, carbon-sulfur amber, 
and iron-manganese green glass. Convection currents 
do not appear to play an important part in the heat trans- 
fer under the test conditions employed. The difference 
in temperature distribution in a molten mass of colorless, 
amber, and green glass appears to be only a function of the 
different diathermancies of these glasses. Colorless glass 
transmits radiant heat effectively; the amber and green 
glasses are strong absorbents of infrared radiation. This 
is confirmed by the tests in which the gas consumption 
was kept constant. In the surface layers, the colored 
glasses attain a higher temperature than the colorless glass, 
but from a depth of 1.5 in. downward the order is reversed, 
showing that, due to the greater absorptive power of the 
colored glasses in the upper layers, less heat penetrates into 
the body of the glass to heat the lower layers. G.R.S. 
Durability of glass—estimating dissolved alkali by pH 
determination. R.F. Doran S. R. Jour. 
Amer. Soc., 23 [3] 91-92 (1940) 
ag of vinyl sheeting. S. Barrson. 
sama ed Physics, 10, 887-89 (1939).—Plasticized 
vinyl infhiee used for the manufacture of safety glass was 
elongated under constant load. Upon unloading the 
specimens below 50°C., recovery was complete. Creep 
is pronounced during both extension and recovery. Elon- 
gation and birefringence are not strictly proportional, 
which suggests that most of the orientation takes place 
during the initial elastic extension and only slightly —s 
the aftereffect. A.P. 


90 Ceramic Abstracts 


restrictions of “‘Reichstelic” chemistry in Germany. K. 
O. Hamner. Sprechsaal, 72 [48] 559-60 (1939).—The 
deficiency of certain chemicals in Germany has created 
viz., ecolorizing, and coloring. Because of the 
scarcity "arsenic the problem of fining glass is met by 
various other means, e.g., changes in the method of fusing, 
increased soda content, or increased carbonic acid lime; 
new ways of replacing the arsenic used for fining by anti- 
mony, saltpeter, or the new barium saltpeter, which is 
more powerful than potash or soda saltpeter, are men- 
tioned. The chemical function of antimony oxide is 
analogous with that of arsenic. Glauber’s salt has a similar 
action when used in sufficient quantities. The use of 
sulfate and saltpeter for fining and decolorizing is known; 
two other large groups, the chlorides and the ammonium 
salts, are discussed. The action of these substitutes is 
explained. In all cases where a light, white glass is de- 
sired, the fundamental requirement is the use of raw ma- 
terials which contain as little iron as possible or those in 
which the iron has been reduced by pretreatment. Baryta 
may partly replace marble powder in some cases; alumi- 
num hydroxide must be used in place of the less pure 
feldspar for high quality glass. Chemical decoloration can 
be brought about by (1) supersaturating the glass with 
oxygen so that the dissociation of the trivalent iron is re- 
tarded by SO;, N,O;, CeO, BaO:, and Sb,O;, (2) complex 
iron combinations, by which means the dissociation is 
lowered or a complex form is obtained which has a differ- 
ent color-absorption range from the coloring forms, and 
(3) converting the color oxide into salts which are not 
dissociated in the melt. Such nondissociating compounds 
can be found where equivalent acids occur with equivalent 
cations. The oxidation of the darker blue-green ferrous 
oxide into the ferric form and the use of fluorides are dis- 
cussed. Phosphate is used as an oxidizing agent and as a 
complex producer. The effect of sodium chloride with 
selenium in decreasing the iron oxide content in glass is 
explained. Nickel oxide can be used to neutralize residual 
color tones of iron oxide in ordinary glass. In coloring, 
the chief agent to be replaced is pyrolusite; graphite has 
been found suitable as well as chrome oxide—nickel, chrome 
oxide-copper oxide-iron oxide, and iron oxide—graphite— 
chrome oxide. Black glasses are colored by iron sul- 
fide. M.V.C. 

Fluorbarite in flint-glass batches. ANon. Ceram. Ind., 
34 [2] 52-54 (1940).—Use of smaller than normal quanti- 
ties of decolorizer in flint-glass batches has been achieved 
at the Pennsylvania Bottle Co. plant by introduction of 
fluorbarite as the main flux. A batch based on 750 lb. 
of sand uses 11'/, lb. of fluorbarite to replace a previous 
addition of 22'/, Ib. of glassmaker’s ‘‘Barium B”’ mix which 
is composed chiefly of barium sulfate. The new ma- 
terial is a very powerful flux and allows the glass to be 
melted at lower temperatures than those previously used. 
This materially increases the effective capacity of the 
tank. When barium sulfate mix was used, a minimum of 
9 oz. of selenium was needed for the 750 Ib. sand batch, 
and even 12 or i5 oz. were sometimes required. This 
selenium content has been cut to 5 oz. by the use of fluor- 
barite; this cuts raw material cost and produces a glass 
more easily controlled as far as quality standards are 
concerned. Illustrated. L.M.C. 

Giass braider demonstrates weaving principles. R.M. 
Scotr. Machine Design, 11 [12] 29-81 (1939).—S. de- 


scribes in detail the construction of glass braiders. Wiring 
diagrams are given. Illustrated. .M.N. 
Glass in on and decoration. RAyMOND 


McGratn. Architectural Rev., 85 [507] 100-108 (1939).— 
Recent developments are reviewed under the following 
headings: (1) decoration processes, (2) decorative tech- 
nique, (3) rolled opal glass, (4) plate and toughened glass, 
(5) glass brick, (6) glass and concrete, and (7) glass and 
steel. Illustrated. See Ceram. Abs., 17 [9] ea 


Glass-fiberinsulation. A.Y.Srtirrat. Elec. Times, 95 


[2485] 854-56 (1939).—‘Continuous” glass yarns ‘for 
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electrical insulation have a smooth, shiny appearance and 
are usually, though not always, impregnated with varnish 
to increase their resistance to abrasion. The thicker 
“staple” glass yarns are not used in the electrical industry. 
Glass-fiber insulation is employed chiefly in electric motors 
and permits higher operating temperatures to be reached 
with safety; size and weight can be reduced. Other 
applications of glass-fiber insulation are discussed in de- 
tail. J.C.c 
Glass grinding and its possibilities for sheet 
Hans Mopev. Glashiitte, 69 [26] 452-53; [27] 
(1939).—Illustrations of window panes and hollow a 
ware which have been decorated with animal and floral 
studies or simple dots and lines ground in the glass indicate 
the many possibilities for adapting this type of hand deco- 
ration in architecture and for other purposes. The new 
decorative grinding of sheet glass grew out of the technique 
of hollow glass grinding with the development of hand 
motor grinders and similar easily manipulated tools. A 
pane of glass, e.g., 2 sq. m. in size and 8 mm. thick, is 
placed firmly and carefully in a supporting frame. A 
sketch is drawn on the glass with a wax pencil, preferably 
by the glass grinder himself. Since water must flow over 
the glass during grinding to prevent the glass from be- 
coming too hot, the design must first be cut in the glass 
with a fine-grained marker. The design is then ground 
with silicon carbide, the picture is smoothed up and 
worked over with a finer wheel, and the whole is polished 
with pumice stone. The glass is not transparent but 
admits light. M.V.C. 

Glass industry in Italy. De Beneperti1. Verre & 
Silicates Ind., 10 [34-36] 348-50 (1939).—The develop- 
ment and expansion of the glass industry in Italy in the 
past 15 years are reviewed. M.V.C. 

Gla . M. L. ANDERSON. Architectural Rev., 
73, lviii-Ixiv (Feb., 1933).—A. describes the manufacture 
of ‘window glass and plate glass. Iliustrated. F.G.H. 

Glass thermometers. J. Marteret. Documentation 
Sct., 7, 50-56, 81-90 (1938); Chem. Abs., 33, 8453 (1939).— 
M. describes the manufacture of glass thermometers, 
emphasizing the care necessary to obtain uniformity of 
capillary cross section. Attempts to make precision 
thermometers with long spaces on the stem for each 
degree interval have not been successful, because when the 
capillary is less than 0.08 mm. in diameter, the errors in- 
troduced by capillarity and nonuniformity of capillary are 
too great. For this reason dropping chamber and auxil- 
iary scale types of thermometers were developed by Wal- 
ferdin, Roberteau, Beckmann, Kuhn, and Siebert; these 
are described by M. 

Heat flow in a glass furnace. Otro T. Korirnic. 
Glashiitte, 69 [32] 548-51 (1939).—The determination of 
the quantity of heat transferred to the melt in pot furnaces 
and in tank furnaces is difficult because the following three 
temperatures exert an influence on the melt: (1) the varia- 
ble heat from the fuel source, (2) the reflection from the 
furnace walls and ceiling, and (3) the heat of the melt 
itself. Temperature measurements with a pyrometer 
may not be correct because numerous factors such as the 
position of the instrument with reference to the gas flow, 
the conditions at the beginning and ending of temperature 
measurement, and the duration of temperature measure- 
ments condition the accuracy of measurements. Equa- 
tions are given for the theoretical calculation of heat loss 
by absorption of heat by furnace masonry and radiation, 
heat transference (3 types), emissive power of walls and 
charge, and the heat penetration figure. As these factors 
depend on the type of fuel, excess of air for firing, tem- 
perature of the heating gases, type of furnace masonry, 
and size of the furnace, the difficulty of accurately deter- 
mining the total heat transference is understood. The 
theoretical calculations have a practical value, however, 
for the study of improving furnace construction and the 
comparison of furnaces fired with different types of fuel. 


M.V.C. 
Melti lass at 542 sq. ft. per ton. ANON. Ceram. 
Ind., 34 |2] 37-38 (1940).—At the Wightman Bottle & 


Glass Mfg. Co. plant, a regenerative end-port melting 
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tank has been operating for over 20 months at a melting 
rate of one ton of glass per day for each 5'/, sq. ft. floor 
area in the melting end. This rate is faster than that 
generally used for flint glass. Rapid melting is partly 
due to the method of firing in which flame is introduced 
through two sets of burners placed in the top of the tank 
at the point where the ports adjoin the melting chamber. 
Two burners are used for each port, firing natural gas on 
a 15-min. cycle and using a total of 685,000 cu. ft. per day 
for melting 85 to 88 tons of glass. Burners are slanted 
down into the tank, allowing the flame to contact raw 
batch while it is still close to the end wall. The burners 
are easily placed in service, and efficient conditions are 
obtained without the constant adjustment ordinarily 
needed. Glass is being pushed through the tank in good 
time; thus the time available to oxidize the batch is com- 
paratively limited. This decreases the amount of de- 
colorizer needed. The tank is particularly economical 
regarding fuel. Because the burners are firing under a 
pressure sometimes as high as 4 lb. per sq. in., a substantial 
type of shadow wall is used in place of the open checker- 
work usually found in regenerative tanks. Where the 
usual shadow wall is located directly over the center of the 
cover plates, two walls are used in this tank; these are 
placed so that their weight is carried by the front wall of 
the melting chamber and the rear wall of the refiner, 
without any great amount of weight being supported 
directly by the cover plates. The shadow walls were 
built up of silica brick laid up without mortar. After 
about 3 weeks of operation, however, the heat of the tank 
fused them together so that each wall is monolithic. 
Illustrated. L.M.C. 
Metallurgical study of cast-iron glass molds. 
BRUCKNER, L. R. Kovac, anp A. B. WILDER. 
Amer. Ceram. Soc., 19 [2] 58-61 (1940). - 
Recent applications of Plexiglas. ANon. Verre & 
Silicates Ind., 10 [31-33] 327-28 (1939).—Plexiglas is a 
new thermoplastic material belonging to the group of 
acrylic resins. Liquid and transparent acrylic products 
are made by long and complicated processes from wood, 
coal, and lime. These liquids are transformed by poly- 
merization into solid, clear masses with a tenacity, re- 
sistance, chemical stability, and inalterability superior to 
those heretofore obtained with synthetic resins. Trans- 
parency is 99% with negligible loss by reflection. Plexi- 
glas is the first organic substance which can be used for 
optical devices with an arbitrary number of diopters. 
texiglas can be shaped, molded, and carved as easily as 
ivory, and this permits multiple and novel realizations in 
the domain of art and jewelry making. Plexiglas is half 
as heavy as ordinary glass which is a substantial advan- 
tage in the construction of airplanes and automobiles. 
Resistance to bending from impact is about seven times 
greater than that of window glass. When it breaks (only 
under exceptional circumstances), large pieces without 
sharp edges are formed. Plexiglas is flexible even at 
low temperatures, and it is difficult to burn. It can be 
sawed, filed, drilled, welded, bored, and engraved with 
tools for working metals. The many uses of Plexiglas in 
industry, medicine, chemistry, etc., and its » physical 
properties are given. M.V.C. 
Otto Schott and the Carl Zeiss Foundation in Jena. 
HERBERT KUHNERT. Glastech. Ber., 17 [11] 306-309 
(1939). J.F.H. 
Slag wool. Harotp A. Bevens. Jour. Can. Ceram. 
Soc., 8, 17-22 (1939).—B. gives the history, manufacture, 
and commercial uses of slag wool. Mineral wool is an 
ideal material for the prevention of heat losses through 
the roofs of buildings; where it can be applied to walls as 
in frame or brick veneer construction it is equally effective. 
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A highly acoustic material is now being made into rigid 
acoustic boards and tile. .G.P 
Surface change of glass in different gases at tem- 
peratures. I. Sawar anpI. Kuso. Z. Anorg. & Allgem. 
omen 232 [4] 423-26 (1937).—An oval rod of glass was 
heated in a stream of COs, SO,, air, and in still air. Its 
change of form was measured and any change in the 
surface was noted. See “Softening—,” Ceram. Abs., 17 
[8] 275 (1938). W.K. 
Zinc oxide in the glass industry. A. Fouton. Tech. 
Blatter, 29, 17 (1939); Chem. Abs., 33, 7505 (1939). 


PATENTS 
Apparatus for making containers from 
Brit. 516,627, Jan. 17, 1940 (July 1 


Apparatus for manuf 
(Crown Cork & Seal Co., Inc.). U.S. 2,190,042, Feb. 13, 
1940 (Jan. 11, 1937). 

Apparatus for tempering T. R. Crow ey (Lib- 
bey-Owens-Ford Glass Co.). U. S. 2,188,401, Jan. 30, 
1940 (June 15, 1937). 

Coloring glass fibers, etc. N.V. ror Beneer 
EXPLOITATIE VAN OCTROOIEN. 


Brit. 516,826, Jan. 24, 
1940 (July 16, 1937). 

Forehearth for and method of controlling the tempera- 
ture and condition of molten G. E. Rowe (Hart- 
ford-Empire Co.). U.S. 2,189,271, Feb. 6, 1940 (April 16, 
1937). 

Glass beveling machine. 
ANTHONY ToRNeEsE. U. S. 2,187,748, Jan. 23, 
(Oct. 1, 1938). 

Glass-metal seal. Ernst Watpscumipr (Fides Ges. 
fiir die Verwaltung und Verwertung von gewerblichen 
Schutzrechten m.b.H.). U. S. 2,190,302, Feb. 13, 1940 
(March 18, 1939). 


ANTHONY MACELLARO AND 
1940 


Glass-shaping machines. W. B. Mrrcuet.. Brit. 
516,467, Jan. 17, 1940 (June 30, 1938). 
Grinding tool. L. B. Lent ann J. D. Gamaie. U. S. 


2,188,365, Jan. 30, 1940 (Dec. 7, 1937).—A tool or lap for 
accurate grinding to predetermined form of the curved 
surfaces of glass lenses, etc. 

Kiln. J. T. LITTLETON, H. R. Livi, ann W. W. 
Suaver (Corning Glass Works). U.S. 2,188,608, Jan. 30, 
1940 (Oct. 7, 1937).—In combination with a kiln for heat- 
ing glass, a highly refractory, soft, finely divided, water- 
soluble substance distributed over the floor of the kiln. 

Laminated safety glass. J. D. Ryan anv G. B. War- 
KINS (Libbey-Owens-Ford Glass Co.). U. S. 2,188,395, 
Jan. 30, 1940 (June 13, 1934). 


Lens system. F. W. GEHRKE AND ROBERT TIEDEKEN 
(Agfa Ansco Corp.). U.S. 2,187,780, Jan. 23, 1940 (April 
19, 1938). 


Making articles of fused silica: R. D. (Corning 
Glass Works). U. S. 2,188,121, Jan. 23, 1940 (Dec. 11, 
1936). 

Method and apparatus for making wool. J. H. 
Tuomas, Ep FLetcHer, AND F. W. ATKINSON (Owens- 
Corning Fiberglas Corp.). U.S. 2,189,822, Feb. 13, 1940 
(Jan. 17, 1936). 

Method and apparatus for melting rock and making 
products therefrom. E. R. Powe.t (Johns-Manville 
Corp.). U.S. 2,190,271, Feb. 13, 1940 (Jan. 21, 1937). 

Nonshattering IWAN OsTROMISLENSKY (Carbide 
& Carbon Chemicals Corp.). U. S. 2,189,293, Feb. 6, 
1940 (Jan. 3, 1928). 

Purification of silica sands, etc. RockwarRe GLAass 


SynpicaTeE, Ltp., AND F. W. Apams. Brit. 516,880, 
Jan. 24, 1940 (July 11, 1938). 
Template for edging lenses. F.E.Wo.r. U.S. 2,190,- 


582, Feb. 13, 1940 (June 30, 1938). 
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Bonding of brickwork. P. M. Srratton. Archilec- 
tural Rev., 79, 240-46 (1936).—The various types of bond 
used in England are described and illustrated in detail. 
Jointing or pointing materials and technique are also 
thoroughly discussed. F.G.H. 


Government housing assistance. F. W. NICOLLS. 
Jour. Can. Ceram. Soc., 8, 10-17 (1939).—N. explains and 
discusses the recent Home Improvement Loans Guarantee 
Act and the National Housing Act. J.G.P. 

Production of face brick at Kiev plants in 1938. V. Ya. 


tubing. 
J. , 1937). 
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Vasionovskil. Keramika, 1939, No. 2, pp. 17-25.—Y. 
describes raw materials, production processes, and the 
finished product. P.B. & E.S. 
Progress of brick through English history. R. P. Ross 
WILLIAMSON. Architectural Rev., 79, 197-228 (1936).— 
The history of brick manufacture in England is described 
in detail. Illustrated. F.G.H. 
Varieties and manufacture of brick. J. K. WInsER. 
Architectural Rev., 79, 229-39 (1936).—All of the many 
types of English building brick are described and illus- 
trated. Methods of manufacture are briefly discussed. 
F.G.H. 
Vitrified brick and salt glaze. W.Scuuen. Tonind.- 
Ztg., 63 [31] 357-59 (1939).—After discussing previous 
work on salt glazing, S. presents the results of his own 
research. To facilitate the glazing of vitrified brick which 
may have too low a silica content or vitrify at too low a 
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heat, mixtures of salt with other chlorides were tried. 
Chlorides of calcium, magnesium, and potassium in the 
mixtures were not successful, because the mixtures fuse 
and attack the body severely. Lithium chloride was only 
slightly better. Chlorides of lanthanum, cerium, manga- 
nese, and iron mixed in equal amounts with salt produced 
good coats of glaze. Ferric chloride was tried in an 
industrial kiln with good results. Chlorides of iron, man- 
ganese, and cerium may therefore be used to make possible 
the application of a salt glaze to vitrified brick, but in each 
case careful trials should be made. W.K. 


PATENT 
Brick or blocks for general building and for furnaces. 
L. T. Maxram. Brit. 516,873, Jan. 24, 1940 (July 6, 
1938). 


Refractories 


Calorimetric method of controlling the quality of metal- 
lurgical magnesite. P.P. Bupnikov anp L. G. GuLinova. 
Byull. Vsesoyusz. Khim. Obshchestva, 1939, No. 7, pp. 14- 
16.—The authors investigated the relation between the 
calcining temperature (up to 1700°) of dolomite and 
lime and the amount of heat evolved when interacting 
with water and the relation between the calcining tem- 
perature of magnesite and the heat evolved during the 
dissolving of the components. A _ diphenylmethane 
Bunsen type calorimeter was used. Not only the quality 
(activity) of the product but also the temperature to 
which the material of the given composition had been 
calcined can be determined by this method from the 
thermal effect of the hydration of CaO and calcined 
dolomite or that of the dissolving of magnesite in HCl. 

P.B. & ES. 

Chemically resistant refractory material for kilns pro- 
ducing sodium sulfide. P. P. Bupnrkov anp K. M. 
SHMvuKLeR. Zhur. Priklad. Khim., 12, 367-70 (1939).— 
The authors investigated grog brick prepared in the usual 
way and a forsterite brick obtained from a batch consisting 
of dunite calcined at 1450°, caustic magnesite, and mo- 
lasses, mixed with a 12.5° Bé solution of MgCl, and cal- 
cined at 1500° to 1600°. Forsterite brick possesses a 
high resistance to Na,S melts and should be regarded as 
the best refractory material for kilns producing this 
chemical. P.B. & ES. 

Creep of refractory materials at high temperatures and 
its bearing on the performance of glasshouse pots. J. H. 
PARTRIDGE AND G. F. Apams. Jour. Soc. Glass Tech., 23 
[97] 141-53T (1939); see Ceram. Abs., 18 [7] 183 (1939). 

G.R.S. 


Development and preliminary studies of pinite. G. A. 
Pace, F. F. Ratne, AND V. R. SULLIVAN. Jour. Amer. 
Ceram. Soc., 23 [3] 71-77 (1940). 

Exfoliation of vermiculite by chemical means. R. C. 


Groves. Nature, 144 [3647] 554 (1939).—G. reports that 
the exfoliation of vermiculite, normally produced by heat- 
ing the material, can also be brought about by treating it 
with hydrogen peroxide (20 volume strength H;O,). The 
chemically produced exfoliation may possibly be due to 
the evolution of oxygen between the mineral flakes. 
Chlorine from a permanganate-hydrochloric acid solution 
causes a certain amount of exfoliation but not to as 
marked an extent as H,O.. J.L.G. 
Fire and materials of construction. Refractory con- 
cretes and cements. A. Roux. Recherches & Inventions, 
19, 4-11 (1939); Chem. Abs., 33, 7508 (1939).—Cyclopes 
brand refractory cement, used for the construction of a 
concrete furnace roof, for concrete test pieces for crushing 
tests, and for embedding iron beams was tested. The 
results showed this brand to be equal to other good re- 
fractory cements and superior to ordinary cements. 
masses for glass pots and tanks. Oskar LECHER. 


Glashiitte, 69 [31] 529-30 (1939).—In tanks, grog with high 
alumina content resists the molten glass better than block 
with a high silicic acid content because the protective layer 


formed between the glass and the block is more viscous, 
adheres better, and is, therefore, not as easily absorbed 
by the glass in the form of streaks and stones. Special 
care in the working and firing of masses is required to 
prevent the formation of cracks in the block because 
cracks facilitate the penetration of the glass into the 
block and hasten disintegration. The compositions of 
German tank block and pot clays are given. M.V.C. 

Pinitized tuff of ceramic importance. P. F. Kerr. 
Jour. Amer. Ceram. Soc., 23 [3] 65-71 (1940). 

Plastic refractories. J. F. McManon. Jour. Can. 
Ceram. Soc., 8, 29-47 (1939).—MeM. presents the results 
obta‘ned from an investigation in the Ceramics Labora- 
tories of the Dept. of Mines and Resources of Canada 
conducted to obtain information on the various properties 
of plastic refractories on the market so as to have a basis 
for formulating purchasing specifications for the Govern- 
ment. The tests included determination of workability, 
water, clay sitbstance, and nonplastics (%) and linear 
drying shrink«ge, dry strength, firing and fired properties, 
absorption, fred strength, and P.C.E. Criteria which 
should receive consideration in setting specifications are 
listed under the following headings: workability, water/- 
clay ratio, clay content, nonplastics, linear drying shrink- 
age, dry strength, total shrinkage, firing shrinkage, ab- 
sorption, fired strength, and P.C.E. .G.P. 

Present application and possible future development of 
blast-furnace refractories. W.R. McLain. Bull. Amer 
Ceram. Soc., 19 [2] 62—68 (1940). 


Properties of er masses from different clays. R. T. 
Maxkui. Keramtka, 1939, No. 3, pp. 18-23.—Sagger 
masses can be classified by their SiO, content, by the 


content of particles over 0.01 mm., by their total shrink- 
age at cone 35, and by their water absorption at cone 
35 into groups containing 55, 55 to 62, and over 62% SiO, 
and under 5%, 5 to 15%, and over 15% of particles over 
0.01 mm. and having a water absorption capacity under 
2.5%, 2.5 to 4%, and over 4% and a total setting at 
cone 35 of 9.0 to 12.5%, 12.5 to 15%, and over 15%. 
Clays of the third group are less satisfactory. The exist- 
ing methods of determining the spalling resistance of 
sagger clay are unsatisfactory. .B. & ELS. 

S penetration in refractory block. T. ScHAUVER. 
Sprechsaal, 72 [47] 553-54 (1939).—Tests were made on 
refractory brick of different composition to study the 
phenomenon of scorification. S. observed that (1) slag 
disintegrates when it penetrates into the brick, (2) com- 
pounds containing iron generally penetrate only the sur- 
face, (3) porous brick in many cases may become more 
resistant when scorified than compact brick because of 
the solidification of the slag in the brick, and (4) refractory 
brick acts as a diaphragm which divides off the slag 
mixture. M.V.C 


SEPARATE PUBLICATIONS 


Shamva Mullite. Mutiire Rerracrorigs Co., Shel- 
ton, Conn. 50 pp. Free.—This catalogue is devoted 
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chiefly to illustrations of typical applications of mullite 
in electric induction and arc furnaces, industrial 
open flame and crucible furnaces, glass tanks, ceramic 
kilns, iron and steel furnaces, and many other installations. 
It is commonly known as the ‘‘3300°F.” refractory. 
Shamva mullite is claimed to have high softening point, 
low coefficient of expansion and contraction, indifference 
to thermal shock, imperviousness to slag erosion, negligible 
tendency to vitrify, ample load-bearing capacity, and 
chemical neutrality. Mullite air- and heat-setting cements 
are also described. 

Steam Boiler Masonry Installation. R.Rascu. VDI, 
Brosch Co., Berlin, 1939. DIN A 5, 44 pp., 29 illustra- 
tions, 7 tables. Price 2.50 Rm.—The fundamental prob- 
lems in the practice of furnace construction and boiler 
masonry installation are presented. All refractory build- 
ing materials are classified, and their application, appro- 
priate installation, and care are dealt with. The term 
“refractory” and the properties of the brick and their 
requirements in the furnace are explained so that when 
brick are ordered, the index of the quality required is 
clearly comprehensible. As the formerly employed ‘‘con- 
ventional”’ standards did not correspond to the require- 
ments for a given brick, the indexes of quality for refrac- 
tory building material are of special interest to the pur- 
chasing agent. Defects of manufacture and their im- 
portance in practice are discussed. Suggestions are given 
for operation, firing, repairing, and preventing fur- 
ther damage. Refractory mortar and ramming and coat- 
ing masses are fully explained with regard to their use, 
suitability, and proper installation. Advice for construc- 
tion engineers and ordering departments for building loca- 
tions and operations is given. M.V.C. 

PATENTS 

Electrically heating molten glass. Games SLAYTER 

(Owens-Corning Fiberglas Corp.). U. S. 2,188,927, Feb. 
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Furnace roof construction. Hoare & Co., Lrp. (W. 
Davison). Brit. 516,791, Jan. 24, 1940 (July 8, 1938). 

M refractories. cois Ricwarp. U. S. 2,- 
188,921, Feb. 6, 1940 (Feb. 17. 1 1936).—{1) A process of 
making refractories comprises ‘crushing magnesian rock, 
incorporating water, calcining, crushing the calcined 
product, screening into fines and coarser particles, repro- 
portioning the fines and coarser particles, incorporating 
water, pressing into shapes under a pressure of at least 
10,000 Ib. per sq. in., and curing the shapes in the presence 
of water. (14) A process of making refractories comprises 
mixing finely divided hydrateable magnesium -containing 
refractory material with coarser magnesium-containing 
refractory particles not exceeding 4-mesh, removing air by 
supplying through the mass water sufficient to fill the 
voids, introducing the wetted mass into a pressing zone 
and pressing into form under at least 14,000 Ib. per sq. in., 
allowing the formed articles to set at ordinary tempera- 
tures, supplying additional moisture, and further allowing 
them to set. 

Producing aluminum oxide from aluminiferous raw 
materials. A.S. Burman. U. S. 2,189,376, Feb. 6, 1940 
(July 23, 1936).—A continuous cyclic process for the pro- 
duction of alumina from aluminiferous raw materia] com- 
prises initially subjecting the raw material to decomposing 
exothermic reaction by contacting it with hot hydro- 
chloric acid vapors and water to form an aluminum salt 
solution, insoluble residues, hydrochloric acid vapor, and 
steam, separating the insoluble residues from the salt solu- 
tion, evaporating the solution substantially to dryness by 
indirect contact with hydrochloric acid vapor and steam 
which carries the heat evolved in the initial decomposing 
reaction, thermally decomposing the solid salt obtained in 
the evaporating step into aluminum oxide and hot hydro- 
chloric acid and water vapors, and then utilizing the latter 
vapors in the initial decomposition of the raw material. 


Terra Cotta 


6, 1940 (March 3, 1933; Feb. 26, 1938). 
Defective tile. Onn1 Dani. Tonind.-Zitg.,62 (52) 565- 
68; [53] 576-78; [54] 586-88; [56] 607-10; [60] 648-50; 


[61] 659-60 (1938).—D. discusses the defects and troubles 
encountered in the production of unglazed tile and their 
probable causes and possible remedies. W.K. 
Im the appearance of clay products. H. L. 
Watts. Jour. Can. Ceram. Soc., 8, 50-53 (1939).—W. 
presents a progress report covering an investigation being 
carried on in the Industrial Minerals Laboratories of the 
Department of Mines and Resources, Canada, with the 
purpose of developing, from Canadian clays, engobes 
similar to those termed terra sigillata. These engobes are 
prepared by a water flotation of the superfine particles of 
the clay. Small quantities of various electrolytes were 
used. The resulting suspension was sprayed on the ware 
to be treated. Three clays from different parts of Canada 
have been investigated Fired gloss is a function of the 
specific gravity of the suspension as prepared. This 
specific gravity is of the order of 1.10. It is believed that 
a surface with fairly good light-reflecting properties is 
obtained by applying clay particles of 1 w or less to the 
ware, which tend to fill pores and interstices. These 
engobes have good adherence to unfired bodies and show 
considerable gloss before firing. They do not fuse on 
firing, and engobed surfaces may be fired in mae a 
Manufacture of roofing tile. O. Scuramm. Tonind.- 
Ztg., 63 [27] 317-19; [28] 336-37 (1939).—S. discusses the 
steps and the problems and difficulties encountered in the 
manufacture of roofing tile. Ww.K 
Radiator casing. W. Heinze. Gesundh.-Ing., 61 [22] 
306 (1938).—The use of clay for the casing of radiators is 
emphasized. These cases are considered unique from the 
heating technical viewpoint. W.D.K. 
Roofing tile and their manufacture. W.G. WORCESTER. 
Jour. Can. Ceram. Soc., 8, 22-28 (1939).—W. traces the 
development in design or pattern from the earliest known 


forms to modern tile. He describes the patterns generally 
made on this continent and points out their advantages 
or disadvantages. In most of the European countries soft 
recent clays are employed in the manufacture of roofing 
tile. In England and on this continent both clays and 
shales are used; there is a preference for the latter in the 
U. S. due to the demand for deep red shades and for tile 
of low porosity. In the forming of roofing tile, the same 
machines employed for stiff-mud clay products are used. 
W. describes the drying, setting, and firing of roofing tile. 
He discusses the colors usually demanded by the consumer 
and remarks on the possibilities offered by roofing tile to 
the Canadian manufacturer of clay products. J.G.P. 
Salt in production. Evcene C. CLEMENS. 
Brit. Ci orker, 48 [570] 226-29 (1939).—C. discusses 
the theory a salt glazing, chemical and mineral composi- 
tion of the body, heat treatment required, body structure, 
kilns and firing, glazing materials, and glaze properties. 
R.A.H. 
Standards for roofing tile. W.Sommer. Tonind.-Zig., 
61 [100] 1108-1109 (1937).—Swiss and German standards 
for roofing tile are compared, especially with regard to 
permeability and absorption as the most important proper- 
ties for a good tile roof. W.K. 
Terra sigillata. A. Moser. Tonind.-Ztg., 62 (2) 21-22 
(1938).—Schumann’s method of producing terra sigillata 
coatings (“‘Producing—,”’ Ceram. Abs., 17 [11] 358 (1938)) 
has several advantages, especially for terra cotta. This 
coating is an engobe and a glaze and it can be applied to 
almost every body and fired in an open fire. It is cheap, 
adheres well, and can be made in different colors. W.K. 
Tilework in the past. Artruur Lane. Architectural 
Rev., 85 [510] 262-65 (1939).—L. presents a historical 
sketch illustrated with typical examples of tilework in 
architectural settings. F.G.H. 
Tilework today. Witttam TatTon Brown. Archi- 
tectural Rev., 85 [510] 265-68 (1939).—One of the most 
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striking developments of modern architecture has been the 
use of tile. Until recently, faience and terra cotta were 
substitutes fer masonry. Their brittle richness belied the 
structural story they were supposed to tell. Now they 
are used in a way more suited to their inherent qualities, 
as a tight-fitting skin neatly molded to walls and columns. 
The change is welcome, for the old blunt dentils and 
arrises which disfigured even the best terra-cotta cornice 
were inevitably less sharp than if they had been chiseled 
in marble. Tile are more suitably used as a surface 
covering, especially for rounded surfaces, where they can 
express the fact that they are formed ina mold. A curious 
paradox in the decay of terra-cotta ornament is noticeable 
in the jointing of the facing material. Previously, terra 
cotta was elaborately bonded to give fictitious strength to 
arches and columns which carried nothing, while behind, 
real stanchions did all the work. Now these stanchions, 
covered with tile, are shown on the face of the building. 
Tile jointing runs through; terra cotta jointing is bonded. 
The eye has grown so accustomed to the sham of terra 
cotta, chat straight joints have now assumed greater struc- 
tural significance. The size and disposition of the bonding 
are important, because tiling a surface is not so much a 
process of covering it with tile as covering it with joints. 
The tile themselves become invisible, leaving instead a 
network of black or white lines drawn like a veil over the 
surface of the building. Too many joints will look fussy; 
too few will spoil the scale. Tiling a surface is equivalent 
to underlining it. It must be worthy of emphasis and set 


Vol. 19, No. 4 


against a contrasting material whose texture will not 
compete. In opposition to this conception, individual 
tile with small designs have been placed at random in a 
general tiled surface. The intention is to distract the 
too-critical eye from the slight imperfections of jointing 
which inevitably occur. The idea might be pursued fur- 
ther and with more conviction, covering the whole surface 
with elegant embossed designs. At present the surface is 
broken up arbitrarily at one or two points and is too 
reminiscent of those jazz stripes and dots which we have 
only just shaken off from our bathrooms and public 
lavatories. There need be no regret, however, that the 
vogue for designing tiled surfaces without any decoration 
or relief is short-lived, for it is almost impossible for the 
manufacturer to make tile which will be identical in size 
and shape; a certain amount of irregularity is inevitable. 
Glass, cork, or rubber can be cut with a far greater degree 
of precision and will give a more mechanically slick effect 
than tile or terra cotta. The comparative roughness of 
tile should therefore be used where it will contrast with 
materials capable of finer adjustment, just as bare wood 
looks well against polished steel. In spite of the many 
processes that it must go through in the course of manu- 
facture, a good tile will always betray the source of its 
origin, the earth. Illustrated. F.G.H. 
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13, 1940 (April 23, 1938). 
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Ceramic fixed condensers for radio transmitters. 
Anon. Schriftenreihe Keram. Sondermassen, Hescho- 
Mitt., No. 18, 15 pp. (July, 1938); abstracted in Referat. 
Silikatliteratur, 5 [12] 5940 (1938).—The use of special 
ceramic bodies, Calit and Condensa F, in the construction 
of fixed condensers for transmitters is described. These 
materials, used as dielectrics, have a number of advantages 
over mica. The condensers are made in two forms, plate 
condensers and pot condensers, which are described. See 
Ceram. Abs., 16 [1] 25 (1937). M.V.C. 

Ceramic radio disk trimmer condensers. ANON. 
Schriftenrethe Keram. Sondermassen, Hescho- Mitt., No. 16, 
8 pp. (June, 1938); abstracted in Referat. Silikatliteratur, 5 
[12] 5939 (1938).—The manufacture and the operation of 
improved ceramic plate trimmer condensers for radio 
receivers are described. A base made of Calite supports 
a rotatable disk made of Condensa C or Tempa S which 
is held in position by a spring. One half of the top surfaces 
of the base and the disk is coated with silver which is 
fired on. The capacity of the condenser is varied by 
rotating the disk through an angle of 180°. Ceramic 
condensers have several advantages over the usual ‘‘com- 
pression’’ type with mica as the dielectric. They have a 
rectilinear capacity curve, a smaller dispersion field, 
a much smaller dependence on temperature, and a greater 
inalterability with time because of the use of ceramic insu- 
lating materials. In these trimmer plates it is important 
that the metal spring serves to press the two ceramic parts 
together, but the amount of this pressure, which deter- 
mines the capacity in compression condensers of the old 
type, plays only a subordinate role, and the capacity is not 
affected when the pressure of the spring changes. Single, 
double, or multiple trimmers are made. Special models 
with other measurements, varying initial capacity, or 
additional capacity are made on the same structure prin- 
ciple. M.V.C. 

Meeting of the Whiteware Research Committee, Ameri- 
can Ceramic Society. R. F. Getter. Bull. Amer. 
Ceram. Soc., 19 [2] 80-82 (1940). 

Steatite masses with barium oxide content. M. 
Oyama, Y. NaKazi, AND T. Nacami. Electrotech. Jour., 2 
[1] 22 (1938); abstracted in Referat. Silikatliteratur, 5 [12] 
5532 (1938).—Steatite, the raw material for steatite 
masses, yields an excellent insulation material when fired, 
but it is affected by moisture. The natural stone has 


many small cracks and cannot be cut in large pieces at 
the quarry. If steatite is pulverized and shaped in a 
press, the firing range is limited. To correct these defects, 
different metal oxide additions were tried. With barium 
oxide additions of 5 to 33.3%, calculated on the free silica, 
steatite masses fired from 1250° to 1400° were resistant to 
moisture and formed a good insulation material. P 
M.V.C. 

Technique in the industrial production of electrical in- 
sulators. Mario D’Amsrate. Corriere Ceram., 18 [10] 
337 (1937); Béibliografia Ital., [II] I [1-3] Ingegneria 
Sect., Abs. 313 (1938).—The production and the different 
methods of manufacture of high-tension insulators are 
described. V.S.M. 

Use of nepheline-syenite in floor-tile and wall-tile bod- 
ies. C.J. Koenic. Jour. Amer. Ceram. Soc., 23 [3] 86- 
91 (1940). 

Use of organic dispersing agents in casting slips. 
Sproat, C. C. TREISCHEL, AND E. W. Emricu. 
Amer. Ceram. Soc., 19 [2] 47-58 (1940). 


Ira E. 
Bull. 
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Bushing insulator. H. L. Rorpen (Ohio Brass Co.). 
U. S. 2,188,417, Jan. 30, 1940 (Feb. 4, 1938). 

Condenser bushing. H. J. Lincat anp E. E. ARNOLD 
(Westinghouse Electric & Mfg. Co.). U. S. 2,189,610, 
Feb. 6, 1940 (Oct. 9, 1937). 

Method and apparatus for manufacturing pottery ware. 
W. J. Micier. U. S. 2,187,836, Jan. 23, 1940 (Feb. 9, 
1935). 

Production of dielectrically high quality ceramic sub- 
stances. Fipes Ges. FUR DIE VERWALTUNG UND VER- 
WERTUNG VON GEWERBLICHEN SCHUTZRECHTEN M.B.H. 
Brit. 516,998, Jan. 31, 1940 (July 16, 1937). 

Production of dielectrically high quality titanium dioxide. 
Fipes GEs. FUR DIE VERWALTUNG UND VERWERTUNG VON 
GEWERBLICHEN SCHUTZRECHTEN M.B.H. Brit. 516,999, 
Jan. 31, 1940 (July 16, 1937). 

Sanitary apparatus with air gap. W. C. GROENIGER 
(John B. Pierce Foundation). U. S. 2,187,738, Jan. 23, 
1940 (Feb. 9, 1939). 

Sanitary apparatus with valved air gap. W.C. GROEN- 
IGER (John B. Pierce Foundation). U. S. 2,188,132, Jan. 
23, 1940 (March 17, 1939). 


1940 


Spark plug. E.R. P.iucs, Lrp., anp D. A. Pacy. Brit. 
516,492, Jan. 17, 1940 (June 29, 1938). G. S. WEeINERTH. 
U. S. 2,188,166, Jan. 23, 1940 (Dec. 13, 1938). 
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Spark plug and method of making. Gsrorce 
(Aeroflex Labs., Inc.). U. S. 2,190,269, Feb. 13, 1940 
(Dec. 7, 1937). 


Equipment and Apparatus 


Absorption and reflection measurements in the range of 
centimeter waves. W. Hochfrequenstech. & 
Elektroak., 53 [3| 81-89 (1939); abstracted i n Physik. Ber., 
20 [17] 1871 (1939).—K. describes an improved optical 
method which can be used successfully for decimeter and 
centimeter waves where other methods fail; it consists in 
introducing frequency modulation by which the inter- 
ferences between sender and receiver are eliminated. 
Dielectric constant and loss were determined for porcelain, 
fiber glass, slate, oil, and artificial dielectric materials and 
biological substances. High-grade insulating materials 
(Calite, glass) retain their good properties in this range as 
well as for longer waves. The measurements were made 
at 7.2-, 6.3-, 3.5-, and 1.65-cm. wave lengths. M.H. 

Binary alloys of indium and tin. C. G. Fink, E. R. 
Jette, S. Karz, anp F. J. ScHNETTLER. Metal Ind. 
[London], 54 [18] 483-84 (1939).—The results of an 
investigation of the entire range of alloys of indium and 
tin are given. Thermal and X-ray methods were used. 
All the alloys were soft and ductile, with a relatively high 
fatigue resistance. Corrosion tests showed that the 
addition of either metal to the other markedly increased 
the corrosion resistance. H.E.S. 

Centrifugal air separator. J. Heyp. Tonind.-Ztg., 61 
[57] 633-35 (1937).—The construction and working of a 
centrifugal air separator and means cf varying the final 
product are explained. Centrifugal separators are most 
suitable for fine, light materials. Illustrated. W.-K. 

Comparative grinding tests on crystalline and amorphous 
quartz; grain distribution and grain forms. K. Wo Fr, 
H. HENNICKE, AND A. SMeKaL. Z. Ver. Deut. Ing., Bei- 
heft Verfahrenstech., 1939, 115-19; Chem. Abs., 34, 3 
(1940).—Crystalline and amorphous quartz under identical 
grinding conditions give products with identical grain- 
distribution curves and grain forms. Graphs, photo- 
micrographs, and 3 references are given. 

Correlated abstract of the literature for 1938 on the X- 
ray testing of materials. SuscommiITTEE IV ON CorRE- 
LATED ABSTRACTS OF COMMITTEE E-7 ON RADIOGRAPHIC 
Testinc. ASTM Bull., No. 102, pp. 26-28 (Jan., 1940).— 
This committee under W, P. Davey correlates the 1938 
literature on equipment for radiographic testing, equip- 
ment for tésting by X-ray diffraction methods, investiga- 
tions on fatigue and residual strain, precision measure- 
ment of coefficient of expansion, determination of particle 
size, chemical analysis by X-ray diffraction methods, and 
protection against hard X rays. A bibliography of books 
and references and a table of the lead equivalents of 
various materials are included. F.F. 

Determination of the size of fine materials. E.Szincer 
AND L. Wem. Tonind.-Ztg., 61 [51] 565-68; [52] 579-81 
(1937).—A new apparatus for sedimentation analysis 
allows samples to be taken from the liquid column at 
various heights for the determination of their solid content. 
The particle size may vary between 10 and 60 microns. 
The time required for one test is about */, hr. W.K. 

Drying by heated air. Tuomas Cuester. Jour. Inst. 
Heating & Ventilating Engrs., 7 [76] 161-212 (1939).— 
C. gives a complete description of different methods of 
drying, the factors influencing speed, efficiency, and 
economy, and its applications. He deals with evapora- 
tion in general, vacuum drying, and evaporation below 
the boiling point and defines dew point, absolute and 
relative humidity, and wet-bulb temperature. He de- 
scribes the drying characteristics of materials in general, 
drying stages, rate of drying, effect of air velocity, air 
recirculation, and casehardening. Details are given on 
progressive tunnel, loft, compartment, cabinet, tilting 
tray, conveyer or chain, column, drum, cylinder surface, 
rotary shell, and spray driers. Drying by superheated 
steam and on hot floors, vapor absorption, regain of mois- 


ture, temperature and humidity control, and drying by 
means of conditioned air are dealt with. Fundamental 
laws and the more important requisites for the design of 
driers are given. Examples from practice are given for 
the drying of fish, hops, milk, paper, sugar, tea, and 
tobacco. A table shows regain of hygroscopic materials 
such as natural textile fibers, rayons, paper, and miscellane- 
ous organic materials, these being subdivided according to 
origin, pretreatment, and other descriptions. Illustrated. 
J.M.N. 
Dry-mixing method of body preparation at the plant of 
Smith & Stone, Ltd. E. T. Montcomery. Jour. Can. 
Ceram. Soc., 8, 47-50 (1939).—Six bodies are produced for 
the manufacture of the various porcelain articles marketed. 
The four low-tonnage bodies are still produced by the 
wet method, but the two high-tonnage bodies are pro- 
duced by the dry-mixing method. The installation of the 
dry mixing process, with auxiliary equipment, is illus- 
trated. J.G.P. 
Electrodes made of natural graphite. Erco_e Riponi. 
Jour. Four Elec., 47 [9] 310-12 (1938).—R. describes the 
production of electrodes from natural graphite and com- 
pares them with those made from artificial graphite. The 
cost of raw material is higher but is more than balanced 
by cheaper production (in Italy). Electrical resistivity 
is 10 ohms/m./mm.*. Oxidation in air starts at 550°C. 
instead of 700°C. Heat of combustion is lower with 
graphite from Madagascar and Ceylon, and the danger 
of increasing C content of metals is diminished. The 
average breaking strength is the same as that for artificial 
graphite but more uniform. The life is slightly less. 
They can be produced in larger sizes, even up to 2 ft. 8 in. 
in diameter. J.M.N. 


Hardness and its determination. E. D. Connor. 
Australasian Engr., 38, 24-27, 48-50 (Sept. 7, 1938); 
Jour. Iron & Steel Inst., 139 [1] 48A (1939).—After 
briefly reviewing the history of hardness testing since 1722 
when Réaumur experimented with crossed 90° triangular 
prisms, C. discusses the factors which affect the readings 
obtained when measuring Brinell impressions; these fac- 
tors include the deformation of the ball, the piling-up or 
sinking-in of the material, and the time during which the 
load is maintained. C. also refers to Meyer's research 
which has proved that, provided loading is maintained 
long enough for equilibrium to be reached, the following 
expression holds true for a given material and given ball 
diameter: L = ad", where L = the load in kgm., d = the 
diameter of the impression in mm., ¢ = a constant, and 
m = a constant representing the strain hardenability. 
This equation is generally known as Meyer’s law, and by 
carrying out tests at two or three different loads, a and n 
may be calculated. From these values a series of values 
for d may be calculated, and the curve of the load against 
the strain can thus be plotted. The Vickers hardness 
tester, the Firth Hardometer, the Rockwell tester, the 
Herbert pendulum tester, and sclerometer testers are de- 
scribed and compared. C. points out that while theory 
has not yet provided a fundamental explanation of that 
elusive property hardness, hardness-testing practice has 
supplied a means of estimating and controlling the hard- 
ness of materials with a degree of accuracy which is of 
the greatest benefit to industry. 

Improved electric hygrometer. FRANcis W. DuNMoRE. 
Jour. Research Nat. Bur. Standards, 23 (6) 701-14 (1939); 
R.P. 1265. Price 5¢.—D. describes a type of electric 
hygrometer suitable for humidity readings which are to 
be recorded graphically or made at a distance remote 
from the point of measurement or where humidity must 
be determined rapidly, in confined spaces, or at ad tem- 
peratures. R.A.H. 
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Improved technique in micropycnometric density deter- 


mination. C. J. Ksanpa anp H. E. MeRwINn. Amer. 

Mineralogist, 24 [8] 482-84 (1939). F.J.Z. 
business with high mold costs. Grorce 

Gorton, Jr. Ceram. Ind., 31 [2] 28-30 (1938).—The 


high initial expense for molds has been a hindrance in 
developing new business, but installation of the new high- 
speed, precision, vertical and universal milling machines 
has reduced this cost. The greatest reduction has been 
effected with mold duplicators designed similar to super- 
speed vertical milling machines with the addition of dupli- 
cating equipment. Mold duplicators reproduce dies or 
molds in exact size from actual working molds or built-up 
molds of brass, Bakelite, stone composition, etc. Letter- 
ing or designs on flat or uniformly curved surfaces are 
generally cut to best advantage with a pantograph ma- 


chine, using models. E.J.V. 
Measurement of average size by sedimentation 
and other means. Pierce M. Travis. ASTM 


physical 

Bull., No. 102, pp. 29-32 (Jan., 1940).—T. discusses the 
importance of particle size below 44 microns (No. 325 
sieve) as applied especially to pigments, mineral aggre- 

tes, fillers, etc., and in paper sizing materials and ceram- 
ics where a sized particle is necessary for uniform fusing. 
Methods used for sizing are reviewed: (1) turbidity re- 
sults are not satisfactory with low-price apparatus even 
though a photoelectric cell is used; (2) separating and 
weighing methods are time-consuming; (3) microscopic 
methods are fair but are time-consuming and often an 
approximation. T. favors a sedimentation tube with 
which about 2500 times as much sample can be used and 
fairer cross section can be secured. Measurements were 
readily made of particle sizes from 44 microns down to 
4 microns in diameter. The apparatus is based on the 
rate of sedimentation according to particle size of the 

dispersed particles in a liquid and applies to all particles 
larger than colloidal dimension which settle by gravity. 
It consists of a glass tube of 15-mm. bore and 110 cm. in 
fall height. There is a separate mixing chamber 15 cm. 
in length. At the bottom is a sedimentation-measuring 
tube of 7-mm. bore and 150 mm. in length graduated in 
millimeters and having a micrometer eyepiece. A small 
electric tapper keeps the sediment column level. The 
sample (2'/; gm.) is mixed with a suitable liquid wetting 
agent, e.g., distilled water, alcohol, etc., and put in a 
reservoir at the top of the tube. The time required for 
the first particles to reach the bottom is recorded as that 
for the largest particles present. Agglomeration will give 
false readings. At regular recorded intervals the sediment 
is leveled off by means of the tapper, and the height of 
sediment is recorded by the micrometer eyepiece. The 
density of the liquid should be determined with a pyc- 
nometer. The settling times are based on Stokes’ law of 
sedimentation. The radius in particle size in microns can 
be determined by applying the following formula derived 
from Stokes’ equation: 


dae 


where r = radius of particle in microns, N = specific 
viscosity of medium compared to water, V) = rate of 
sedimentation (height of fall in cm. + time in sec.), d; = 
density of particle, d, = density of medium, and g = ac- 
celeration due to gravity (generally 980 dynes). T. pre- 
sents several tests as typical runs for sulfur, barium sulfate 
pigment, and zinc dust. The results check with accuracy 
and compare favorably with those obtained with sedi- 
mentation apparatus using the microscope, a method 
which takes a much longer time. Five figs., one -_ 
F.F. 


Metal crystals. Bruce CHatmers. Metal Ind. [Lon- 
don], 53 [11] 243-46; [13] 295-98; [14] 323-25 (1938).— 


xX 1000, 


In metallic crystals the process of slip is believed to take 
place in definite directions and in fairly definite planes, 
with its accompanying work hardening due to the fact 
that any crystal has a mosaic structure, i.e., it consists 
of small blocks (of the order of 10~‘ cm. in size) of perfect 
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crystals slightly inclined to each other. The unsatis- 
factory state of the theory can be judged from the fact 
that some investigators believe the region between the 
mosaic blocks to be the source of weakness of crystals 
while others believe the existence of the mosaic structure 
is responsible for what strength they have. The main 
problem is to account for the existence of the mosaic 
structure and, by means of this theory or otherwise, to 
explain the process of glide accompanied by work harden- 
ing. The effect of temperature and impurities on the 
critical sheer stress required to cause glide and the condi- 
tions which determine whether glide, twinning, or cleavage 
takes place would probably be explained in terms of the 
H.E.S. 


same theory. 

Metallurgical deve ents in 1938. B. = GONSER 
AND A. U. SEYBOLT. etal Ind. [London], 54 [2] 29-33 
(1939).—Progress in metals and alloys has been rapid in 
the past few years due to the production of high-purity 
metals and to the continual efforts to develop new alloys 
for specific purposes and applications. Intensive research 
programs have been carried out by universities, individual 
industrial companies, and groups of industries. Research 
is rapidly being recognized as synonymous with progress. 

H 


.E.S. 
Metallurgical ss in the clayworking industry. 
Anon. Brit. Clayworker, 48 [571] 248-49 (1939).— 


Among recent developments is a pug-mill knife made from 
nickel-chromium cast iron which is of special value in de- 
airing mills. It is so constructed that it prevents suction 
of air into the clay and leaves the steel shaft free to bend 
if the blade should encounter a piece of tramp iron. 
Excavators, power shovels, cranes, and draglines have for 
some time employed alloy steels to resist the effects of 
severe stresses and hard service. A machine designed in 
the form of an overhead shovel eliminates the need for the 
turning operation necessary in the front-end loader. The 
self-lubricating bearing is being applied to crushing and 
screening plants, excavators, etc. Fabricated chromium 
bearings are extremely tough and ductile and are especially 
suitable where toughness is a primary requirement. 


A.H. 
Microscopic method of electrophoresis and its applica- 
tion to the study of ionogenic and non-ionogenic aces. 


H. A. Apramson. Trans. Faraday Soc., 36 [1] 5-15 
(1940).—A. discusses various types of cells to be used in 
making quantitative measurements of the electrical 
mobility of microscopically visible particles. G.R:.S. 
Photoelectric null indicator for matching light intensities. 
M. Kwniazux. Jour. Optical Soc. Amer., 29, 223-25 
(1939).—To adapt existing visual-observation instruments 
to the photoelectric type, an electronic null indicator has 
been developed which uses standard radio parts. The 
condition of balance is observed upon a cathode ray tube, 
and the proper adjustments are performed manually. 
When used with a spectrophotometer, this electronic 
apparatus extends readings further into the red than can 
be observed visually. A.P. 
Potentiometric method for the accurate measurement of 
hydrogen-ion activity. Wattrer J. Hamer anp S. F. 
Acree. Jour. Research Nat. Bur. Standards, 23 (6) 647- 
62 (1939); R.P. 1261. Price 5¢—A potentiometric 
method for measurements of hydrogen-ion activities in 
aqueous solutions is described. Galvanic cells without 
liquid junctions are used. The hydrogen-ion activity 
may be calculated from the electromotive force by thermo- 
dynamic methods, using the Nernst equation, in which 
the concepts of activity and interionic attraction are in- 


corporated. R.A.H. 
Pre tion of cross-breaking bars by mechanical shak- 
ing. R. Tonind.-Ztg., 61 [68] 749-51 (1937).— 


G. describes apparatus for making cross-breaking bars by 
mechanical shaking instead of by stamping. Compara- 
tive tests show that the new method gives uniform results 
and the same rating for the cements. The figures are 
higher for strength and lower for shrinkage. Shaking is 
faster and more uniform. W.K. 
etric chart; application and theory: VI. 
GoopMaNn. Heating, Piping & Air Conditioning, 
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11 [11] 671-74 (1939).—G. considers fogged air and 
calculations from the chart involving this condition. Six 
figs., one numerical example. For Part IV see Ceram. 
Abs., 19 [2] 50 (1940). J.L.G. 
Re-examination of the correction curve of the X-ray 
camera used for the powder method. S. Kozu, K. Omort, 
AND T. Takeuti. Jour. Japan. Assn. Mineralogists, 
Petrologists, & Econ. Geologists, 23 [1] 1-18 (1940).—The 
authors studied the correction curve used for the powder 
X-ray method. They discuss the following items as the 
main sources of errata: (1) inaccurate centering, (2) elon- 
gation and shrinkage of film by development, (3) effect 
of diameter of sample rod, (4) fineness of the powder, 
(5) effect of temperature, (6) shape of the camera, (7) in- 
correct setting of film to the camera, and (8) incorrect 
measurement of the distance of lines. They determined 
the lattice constant with an accuracy of within 0.001 a.u. 
V.K. 
Sensitive optical strain gauge. S.C. RepsHaw. Jour. 
Sci. Instrumenis, 16 [5] 150-55 (1939).—A strain gauge 
capable of measuring positive and negative strains to 
about 1.0 X 10~* on a gauge length of 3 or 4 in. has a 
linear calibration over a strain range of at least 500 x 10~°. 
It could be modified to operate on other gauge lengths. 
Although designed for the measurement of strains in 
masonry and metal bridges, it could be used for other 
structural experimental work. The design provides that 
the motion between a fixed and a movable knife-edge will 
rotate a flexure pivot, the light from a target being re- 
flected by a mirror mounted on the torque bar of the 
flexure pivot into a microscope unit set in the cover of the 
gauge. The microscope unit is fitted with a screw microm- 
eter eyepiece. When the flexure pivot is operated by a 
change in the strain of the test specimen to which the 
gauge is attached, the position of the image of the target 
produced in the eyepiece is altered, the change being re- 
corded by means of the micrometer wheel of the eyepiece. 
Construction, adjustments, attachment, operation, sensi- 
tivity, and calibration are discussed in detail. Three 
figures. J.L.G. 
Simple refractometer. F. Benrorp. Jour. Optical 
Soc. Amer., 29, 352-54 (1939).—A prism-shaped specimen 
holder is mounted on a comparator table. Determinations 
of the refractive index of glass to the second decimal place 
are derived graphically from measurements of sample 
thickness and image displacement. A.P. 
Torsion microbalance for determining ific gravities 
of minerals. Harry BERMAN. Amer. Mi neralogist, 24 
[7] 434—40 (1939). F.J.Z. 


Use of air-velocity meters. G.L. Tuve, D. K. Wricnur, 
ANDL.J.Seicer.. Heating, Piping & Air Conditioning, 11 
[11] 703-708 (1939).—The calibration and use of air- 
velocity meters are considered. 13 figs., 4 tables. 

J.L.G. 


SEPARATE PUBLICATION 


ond booties for ying for Tests Made on All Explosives 
s by the es Division of the 
of Mines. U. Bur. Mines Schedule, 
1C. Supt. of Documents, Govt. Printing Office, Washing- 
ton, D.C. Price 5¢. R.A.H. 


PATENTS 


A tus for measuring humidity. R.M. BurrincTron 
AND G. K. Asnsy (Servel, Inc.). U.S. 2,189,855, Feb. 13, 
1940 (April 26, 1937). 

Apparatus for projection of molten pulverized bodies. 
F. P.C. Benorr. U.S. 2,190,326, Feb. 13, 1940 (July 15, 
1936).—A spray gun for melting powder and spraying the 
resulting molten matter in an atomized state. 

Core structure for clay extruding dies. E.H. Perrier. 
U. S. 2,188,984, Feb. 6, 1940 (Dec. 2, 1938). 

ly compensated strain gauge. W. M. 
-— U. S. 2,189,775, Feb. 13, 1940 (Dec. 12, 

Machine for grinding the edges of tile, etc. Brrrisn & 
INTERNATIONAL FLooRING Co., Lip. (K. F. Goetzl). 
Brit. 517,141, Jan. 31, 1940 (July 19, 1938). 

Machine for grinding the surfaces of tile, etc. Bririsn 
& INTERNATIONAL FLoortNG Co., (K. F. Goetz). 
Brit. 517,140, Jan. 31, 1940 (July 19, 1938). 

Press tools for the production of dust-pressed tile, etc. 
G. Wricut AND B. Apams (trading as Potteries Venti- 
lating & Heating Co.). Brit. 516,625, Jan. 17, 1940 
(June 30, 1938). 

etric apparatus for direct reading of humidity. 
Juces Crapez. U. S. 2,189,857, Feb. 13, 1940 (July 8, 
1937). 

Pyrometer tube. C. E. Nosie (Claud T. Gordon Co.). 
U. S. 2,187,949, Jan. 23, 1940 (Dec. 22, 1937).—A pyrom- 
eter protecting tube composed of alloy steel containing 
27 to 35% chromium, the tube having an outer layer 
substantially impervious to gases comprising a coating of 
approximately pure chromium. 


Kilns, Furnaces, Fuels, and Combustion 


Firing with double grate. RicHaRD ALDINGER. Gias- 
hiitte, 69 [26] 449-52 (1939).—The process was studied in 
detail to determine how maximal increase in production 
with this type of firing could be obtained. For best results 
it is mecessary to use a modern furnace which furnishes 
the extra heat necessary for firing with a double grate. 
A longer firing time should be made possible by organizing 
operation so that larger charges of the same type of piece 
can be fired. The advantage of double-grate firing be- 
comes less important the longer the firing time is in pro- 
portion to the time of loading and unloading of the grate. 
If the firing time is long (over 5 to 6 min.), the increased 
production achieved by the double grate is nullified be- 
cause the grate outside the furnace cools too much, which 
prolongs firing time. M.V.C. 

ant zone in circular kiln. R.Crauss. Tonind.-Zitg., 

63 [1] 7-8 (1939).—A long firing zone and larger charges of 
fuel at longer intervals result in a longer, more penetrating 
flame, a more even distribution of heat, and an easier 
regulation of the firing. This applies to kilns of both 
small and large cross section. Automatic stokers can be 
to this of firing ug. A 

our-degree spread at 2400°F. NON. am. 
[2] 46-48 (1940).—A production-size kiln at the Globe- 
Union Co. plant is operated continuously at 2400°F., and 


ware temperature is held within 4°F. The new kiln is 
used for firing small ceramic condenser bodies averaging 
about 1*/, in. in length and '/, in. in diameter. Bodies 
are placed on end in square and diamond-shaped saggers 
which move through the kiln at a rate of 3 to 4 in. per 
min. The high-temperature zone of the kiln is 45 in. long. 
The main kiln housing is 10 ft. 7 in. and includes three 
distinct temperature zones: (1) 1000° to 1600°F., (2) 
1600° to 1950°F., and (3) 1950° to 2500°F. Heat is 
supplied by electricity, nickel-chromium resistor elements 
being used in zone 1, Alloy 10 elements in zone 2, and 
10 Globar heating elements in zone 3. A total of 250 kw.- 
hr. is required to bring the kiln to 2400°F.; 44 kw. are 
required to operate the kiln with full ware load. A gas- 
fired kiln of the same output would use 1000 to 1300 cu. ft. 
of 550 B.t.u. gas per hr. Because of the nature of the 
ware, it is essential that an oxidizing atmosphere be 
maintained. This is easily done with electric heat. By 
placing the heating elements in such a way that radiated 
heat from the side walls and roof is focused directly on 
the line of saggers, a uniform high heat is maintained and 
no hot spots are developed. Close control is maintained 
by two sensitive heat detectors in the roof of the kiln, 
These consist of a spider-web structure of thermocouple 
wires with a common junction in the center. Heat is 
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focused on this junction by a glass lens, much in the same 
way a burning glass is used to focus the sun’s rays. The 
temperature of the lens is kept to about 110°F. by means 
of a cooling water jacket. In the electric kiln, no blast 
action of flame is encountered, and therefore insulating 
refractories are used throughout: semi-insulating in zone 1, 
full insulating in zone 2, and refractory insulation in zone 3. 
The brick have no mechanical load to bear, as the walls 


are built up inside a load-bearing steel shell. Illustrated. 
L.M.C. 
Remote gas supply for ceramics. F.Drerricu. Gas-& 


Wasserfach, 82 [30] 545-48 (1939).—D. discusses the 
question (especially important in Germany) of saving coal 
by supplying energy in the form of gas over long distances 
and how the ceramic industry can use gas for drying and 
particularly for firing, glazing, and decorative firing. The 
various processes and batch and continuous furnaces are 
considered, and coal and gas firing are compared. To 
use gas with advantage, the furnace should be designed 
for gas firing; changing from coal to gas is not efficient. 
Such design should take into account proper hearth cars 
and conveyers, the smallest possible hearth area, fast 
progress of ware through the furnace, overpressure in the 
furnace instead of underpressure, and small furnace cross 
section in order to eliminate differences in furnace tem- 
perature and atmosphere over the the section. The fol- 
lowing fuel consumption figures for tunnel kilns are given: 
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of about 1 ft. per sec. and later a Velometer measuring up 
to 0.5 ft. per sec. G.R.S. 
Gas-fired furnaces. A. G. Rosretre. Metal Ind. 
[London], 55 [17] 365-68 (1939).—Advances in gas-fur- 
nace technology in the past five years have led to a great 
increase in efficiency and flexibility. This has broadened 
the use of gas heating for purposes which were previously 
open only to electric furnaces. This advancement has 
been brought about by a more liberal application of insu- 
lation, improvements in burner design, and the use of 
radiant and recuperative alloy tubes as well as heat- 
resisting alloys. Other improvements have been effected 
by the use of refractory radiant blocks, gas-mixing de- 
vices, good atmosphere control, and convection heating 
where low temperature and uniformity is desired. 
H.E.S. 
BOOK AND SEPARATE PUBLICATION 


Nature and Origin of Coal and Coal Seams. A. Rais- 
TRICK AND C. E. MARSHALL. English Universities Press, 


London, 1939. 282 pp. Price 12s 6d. Reviewed in 
hical treat 94. 425 (1939) F.G.H. 
Gas Producer. WELLMAN SMITH 


OWEN Corp., Ltrp. Reviewed in Brit. 
Steelmaker, 6 [1] 19 (1940).—Details of the Wellman- 
Galusha gas producer are given. It is claimed to be 
particularly suitable for the production of gas from low- 
grade fuels. R.H. 


Time 
_for 
firing 
Coal Gas Kw.-hr./ and 
Temp. Coal (kgm./kgm Pure gas (m.?/kgm. kgm. cooling 
Material (°C.) kgm./m.*) ware) (m.?/m.*) ware) ware (hr.) 
Porcelain ware 1410 100-120 1.48 -1.71 140-170 2.0 -2.42 2.5 -4.5 28- 40 
Electrical porcelain insulators 1410 100-125 0.95 -1.25 125-156 1.20-1.56 2.2 -4.0 90-100 
Earthenware (crude) 1280 50- 56 0.20 -0.23 65- 75 0.27 -0.31 1.10-1.40 27- 37 
Earthenware (smooth) 1150 45- 50 0.30 -0.34 60- 80 0.40 -0.53 1.0 -1.30 17-— 30 
Sanitary earthenware (crude) 1280 38- 48 0.49 -0.62 50- 64 0.64 -0.82 1.60-1.80 34- 50 
Sanitary earthenware (smooth) 1100 32- 40 0.50 -0.63 43- 56 0.67 -0.88  1.30-1.60 23- 36 
Tile (crude) 1280 80-95 0.12 -0.27 110-126 0.22 -0.45 0.50-0.75 80-100 
Tile (smooth) 1060 70— 85 0.24 -0.35 93-114 0.40 -0.60 0.40-0.60 30- 50 
Floor plates 1280 110-130 0.375-0.37 147-170 0.42 -0.50 0.50-0.75 100-120 
Fire clays 1300 80-100 0.08 -0.10 107-130 0.107-0.13 0.55-0.80 70— 90 
Coal and gas consumption is referred to a 1-m.* combus- PATENTS 
tion chamber. D. describes a new furnace 50 m. in Manufacture of silicon carbide resistors. A. J. THomp- 


length which uses only 11.5 m.* gas per 1 m.* car surface 
with 10 kgm. porcelain at 1410°C., ie., 1.15 m.* gas per 
1 kgm. porcelain. M.H. 
Fundamental principles of gas-producer control. J. G. 
Bennett. Jour. Soc. Glass Tech., 23 [97] 154—-70T 
(1939).—The variable factors in gas-producer operation 
are enumerated and discussed. For the automatic control 
of a gas producer it is desirable to have a potentiometer 
recording controller for controlling the coal feed and gas 
temperature, a pressure recording controller to control 
gas pressure or blast volume, and a vapor pressure bulb 
recording controller to control blast saturation tempera- 
ture. The operation of such devices is described. A 
study was made of the influence of the fuel bed on pro- 
ducer control. Local variations of the porosity of the 
fuel bed between 30% and 50% result in corresponding 
variations in velocity up to 2.5:1, while variations in 
particie size between 1 and 2 lead to a change in velocity 
of 1.4:1. Experiments were carried out on an 8-ft. 
Wellman producer comprising a study of the over-all 
pressure drop with different sizes of fuel and thickness of 
fuel bed and the exit velocity of the gas from the top of 
the fuel bed, employing a Pitot tube measuring velocities 


son (Carborundum Co.). U. S. 2,188,693, Jan. 30, 1940 
(July 26, 1938).—A method of recrystallizing a silicon 
carbide resistor in order to produce a resistor having rela- 
tively low resistance at room temperature comprises 
forming a resistor element from a mix consisting princi- 
pally of silicon carbide grains and a temporary binder and 
subjecting the formed resistor, while protected from oxida- 
tion, within the highly heated walls of a kiln, furnace, etc., 
to a temperature of at least 2200°C. for a period not ex- 
ceeding 30 min. 

Production of combustible gases from bituminous fuels. 
WALTER Matkomes (Koppers Co.). U. S. 2,190,293, 
Feb. 13, 1940 (Nov. 11, 1936). 

Resistor and method of making. E. R. STOEKLE AND 
G. M. Exsvers (Globe-Union, Inc.). U. S. 2,188,667, 
Jan. 30, 1940 (Jan. 8, 1935).—A method of making an 
electrical resistor comprises mixing with a fine-grained 
plastic ceramic a portion of a compound convertible by 
heat into an electrical conductor, adding to the mixture a 
coarse-grained refractory ceramic, mixing the whole into 
a uniform plastic mass, extruding the mass into rods, 
drying the rods, and firing them at the maturing tempera- 
ture of the ceramic mixture. 


Geology 


Absolute value of the principal piezoelectric modulus of 
quartz. A. LANGEVIN. Compt. Rend., 209 [17] 627-30 
(1939).—The widely differing values of the piezoelectric 
constant of quartz are, after thorough investigation, 


ascribed to the overlooking of defects in the optical axes. 
By applying a method which cuts entirely pure, optically 
correct lamellas from quartz, the value of the modulus 
is determined to slightly more than 7 X 107* c.g:s.; 
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the piezoelectric modulus can be considered as a true 
physical constant of quartz. Redeterminations by cther 
methods confirmed the result. M.H. 
“Amphoteric” double layer and the double ionic ex- 
change in soils. SANTE MarTrsoN AND LAMBERT WIK- 
LANDER. Trans. Faraday Soc., 36 [1] 306-19 (1940).— 
It has been pointed out that it would be theoretically 
possible to remove all the anions and cations from a solu- 
tion by passing it through alternate layers, or a coarse 
mixture, of acidoids and basoids. The Donnan distribu- 
tion of ions in the soil has many important consequences, 
e.g., the effect of a concentration and a dilution of the 
soil solution on the mobility of the monovalent and di- 
valent ions. A dilution favors the entrance (in the soil 
complex) of the divaicat ions and the exit (in the soil 
solution) of the mouecvalent ions. A concentration re- 
verses the process. It might be said that the soil complex 
“inhales” divalent ions and ‘“‘exhales’’ monovalent ions 
upon wetting and “‘inhales’’ monovalent ions and “ex 
hales”’ divalent ions upon drying. Since a leached soil 
means a dilute soil solution, it can be readily understood 
why, in the humid soils, the divalent base-forming cations 
are present in the exchange complex in a greater propor- 
tion than in the original silicate rocks and in the soil solu- 
tion. The simultaneous exchange of anions and cations 
at the equi-ionic point of soils takes place according to the 
mass law as expressed by the Donnan equilibrium. The 
valence effect expresses itself in the form of maxima in 
exchange acidity and exchange alkalinity in dilute solu- 
tions. The double ionic exchange has led to the concep- 
tion of an amphoteric electrical double layer. G.R.S. 
Aplite, a new ceramic material. P.S. Dear ANp J. W. 


WHITTEMORE. Jour. Amer. Ceram. Soc., 23 [3] 77-80 
(1940). 
California potters use local china clays. Howarp R. 


Erwin. Ceram. Ind., 34 [2] 56-58 T1940). —Pottery 
manufacturers in Calif. have recently incorporated local 
china clays into their regular bodies. One of the clay 
deposits, located in Orange County, gives a product similar 
to the English china clay known as VC No. 1. As it 
comes from the pit, the material is 40% china clay and 
60% silica. The silica is separated by water flotation 
and is used in the pottery and foundry industries. Drying 
and shrinkage properties of the clay are close to those of 
the English clay, and it has about the same plasticity 
and water of plasticity. California clay has a slightly 
higher absorption and greater refractoriness, which are 
probably accounted for by a slightly higher alumina con- 
tent and a lower alkaline content. L.M.C. 
Correlation of quartz deformation with its crystal struc- 
ture. H.W.Fairsarrn. Amer. Mineralogist, 24 [6] 351- 
68 (1939).—Although it is well known that the manner in 
which a crystal deforms is governed by its structure, few 
correlations have been made. F. gives the results of an 
analysis of this type for quartz and summarizes them in 
tabular form. F.J.Z. 
Davoli’s quartz deposits for the manufacture of colorless 
glass. Renato Moretti. Corriere Ceram., 18 [10] 313 
(1937); Béibliografia Ital., {II} I [1-3] Ingegneria Sect., 
Abs. 315 (1938).—Davoli’s quartz deposits are described. 
The chemical and screen analyses show that this material 
entirely fulfills the specifications for making the we 


less and optical glasses. 5 
Deposition of oxide by M. 
BENJAMIN AND A. B. OsBORN. rans. Faraday Soc., 36 [1] 
287-95 (1940).—The production of noncolloidal catapho- 
retic suspensions of alkaline-earth carbonates and alumina 
is described. The carbonate particles appear to be both 
negatively and positively charged. Immediately after 
switching on the current, a heavy deposit can be obtained 
on the anode, but subsequent deposition occurs almost 
exclusively on the cathode. Alumina, having a dielectric 
constant similar to that of the carbonates, follows Coehn’s 
rule, being deposited on the anode. The authors believe 
that insulating materials can be deposited cataphoretically 
from noncolloidal suspensions. G.R.S. 
Differential thermal analysis of kaolinite. S. CamLire 
AND S. Hénrn. Compt. Rend., 209 [19] 684-86 (1939).— 
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The authors show the manner in which the previously 
found exothermic phenomenon at about 1000°C. (by 
which the content of kaolinite in a mixture of clays can 
be determined) is changed and influenced by Na ions, 
particle size, and fixed metal and the manner in which the 
metal is fixed. The shape of the curve obtained by the 
differential thermal analysis with the Saladin-Le Chatelier 
apparatus shows these influences clearly; they are ex- 
plained in detail. M. 

Fractionation of nonplastic powders by sedimentation in 
water. STANLEY E. anp A. S. Watts. Bull. 
Amer. Ceram. Soc., 19 [2] 68-70 (1940). 

Giving clay the third degree: I. T. W. Garve. 
Brick & Clay Record, 96 [2] 15-17 (1940).—G. describes, in 
the examination of clay, its preparation, water of plasticity, 
wet strength, lamination, dry strength (formula given), 
and moduli of rupture. Illustrated. T.W.G. 

Mechanism of dolomitization of calcareous sediments. 
A. Riviére. Compl. Rend., 209 [19] 691-92 (1939).—R 
develops a new theory in explanation of the transformation 
of calcareous deposits by sea water into dolomite. Ac- 
cording to this theory, transformation can take place only 
in fairly stagnant regions where the water of impregnation 
circulates slowly and is renewed only slightly or not at all. 
The conditions are explained in detail. M.H. 

Metamorphic rocks (sakenites) contained in the crystal- 
line schists of southern Ma . A. Lacrorx. 
Compt. Rend., 209 [17] 609-12 (1939).—The name 
“‘sakenite”’ is a collective definition of paragneiss rich in 
sillimanite, cordierite, and almandine and associated with 
pyroxenites and amphibolites. The sakenites (named 
after the district of Sakeny, Madagascar) are sugar-white 
rocks, of which four principal types are distinguished. 
The characteristics of the types are discussed at length. 

M.H. 


Neogenesis of minerals in the interior of rocks by heat- 
ing in gas or water vapor under high pressures. Produc- 
tion of artificial metamorphism phenomena. A. MIcHEL- 
Livy AND J. Wyart. Compl. Rend., 209 [3] 175-77 
(1939).—Experiments on the artificial synthesis of min- 
erals by producing, in an explosion bomb, a pressure of 3000 
to 4000 kgm. per cm.* and a temperature of 500° to 600°C. 
and maintaining them for about 10 hr. show that gases 
under high pressures can easily penetrate into the core of 
a rock. If the rock is crystalline the gases penetrate by 
all the joints and interstices; if the rock is of fine elements 
rich in colloidal matter, they penetrate by general absorp- 
tion (imbibition). This leads easily to artificially pro- 
duced crystallization and metamorphosis in the rock, a 
theory which is applied to explain the character of pre- 
existing rocks. M.H. 

of igneous rocks and their mineral constituents. 
J. F.Scuamer. Sct. Monthly, 49 [2] 142-54 (1939).—The 
general processes operating in nature to produce the great 
diversity of igneous rocks are described. The broader 
problem of the chemistry of igneous rocks is shown to 
concern only ten rock-forming chemical substances. The 
laboratory technique of studying the temperatures and 
processes of rock formation is illustrated and described. 
Each mineral system studied yields information concern- 
ing certain rock formations and enables some minerals to 
be used as geological thermometers. H.E.S. 

Origin and utilization of diatomaceous peat deposits. 
Pau. S. Concer. Sct. Monthly, 49 [6] 509-23 (1939).— 
C. describes the origin and recovery of diatomaceous peat 
deposits of northern Wisconsin lakes. The muck is dug 
from shallow marshy bogs either by hand or by dragging 
or pumping. It is hauled to a plant where the excess 
water is removed by pressing and the organic matter is 
removed by burning in incinerators, leaving only the pure 
diatoms as a white cake. Similar operations are carried 
out in Florida, New York, and New Hampshire. Al- 
though very pure fossilized diatomaceous earth deposits 
occur throughout the western part of the country, the 
peat deposits of the east are of greater accessibility to 
eastern industrial markets and possess superior qualities 
for industrial purposes. Illustrated. H.ES. 
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Properties of clays in graphs. K.Srincier. Tonind.- 
Ztg., 61 [101] tne 1937).—S. describes and recom- 
mends the use of graphs in —— the properties of 

shrinkage and absorption in relation to 
temperature. W.K. 
of the Kur’ino refractory cla A. A. 
Surapver. Trudy Vsesoyus. Nauch. Inst. 
Mineral. Syr’ya, No. 127, pp. 82-99 (1938); Chem. Abs., 
33, 7977 (1939).—Purification of the Kur’ino clays (in the 
Urals) is complicated by the presence of one or more of the 
following admixtures: quartz, spherosiderite, pyrite, and 
marcasite. Preliminary laboratory experiments included 
(1) wet purification with the use of electrolytes, (2) air 
separation, (3) flotation, and (4) magnetic separation on 
a Johnson induction separator. Methods 1 and 2 proved 
best. The electrolytic method yielded a product con- 
taining much H,O so that a combined method was adopted 
which consisted of air separation in three stages followed 
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by electrolytic purification of the coarse fraction. The 
ceramic properties of the purified products were quite 


satisfactory. 

Quarrying marble in northwest Greenland. O. Ex- 
LuND. Tek. Tid., 70C [2] 5-7 (1940). R.A.R. 

Use of nepheline-syenite in heavy clay products. J. H. 
CurILcore AND C. J. Kenic. Jour. Can. Ceram. Soc., 8, 
53-58 (1939).—The authors give the results obtained in an 
investigation to deterrnine the influence of small additions 
of nepheline-syenite and combinations of nepheline- 
syenite with dolomite on the physical properties of fire 
clay and shale brick. The addition of nepheline-syenite 
in small amounts to fire clays and shales lowers the ab- 
sorption and increases the firing shrinkage and mechanical 
strength. Some fluxing action was noticed as low as cone 
09. Nepheline-syenite also matures the bodies at lower 
temperatures, which offers an economy in fuel. J.G.P. 


Chemistry and Physics 


Accuracy requirements in fifth refractometry. 
H. W. Srraat anv J. W. Forrest. Jour. Optical Soc. 
Amer., 29, 240-47 (1939).—The requirements that must 
be met to extend the reading accuracy of the Abbe refrac- 
tometer to a probable error not exceeding two or three 
units in the fifth decimal place are analyzed under the 
following topics: refractometer prism’s index and angle, 
compensating prism, observing telescope, and the bearing 
about which the prism and scale rotate. A.P. 

a the optical constants from reflection coeffi- 
cients. R.Tousry. Jour. Optical Soc. Amer., 29, 235-39 
(1939).—A graphical method has been developed for the 
determination of refractive indices and extinction coeffi- 
cients from reflecting power data. A.P. 

Detection of titanium ion. O. K. Dosroryussktri. 
Zhur. Priklad. Khim., 11, 123-25 (1938).—A modification 
of the Knecht reaction has been developed. Ti salts are 
dissolved in 6 N HCl, and the solution is colored blue by 
3 to 4 drops of 0.025% methylene blue. A piece of granu- 
lated zinc is added, and the solution decolorizes, the speed 
depending on the amount of Ti present. P.B. & ES. 

Determining calcium by the adsorption titration method. 
N. A. Freze. Zhur. Priklad. Khim., 12, 949-50 (1939).— 
F. found that hematein and hematiline are adsorption 
indicators for volumetric determinations of calcium by 
sodium oxalate. A rapid method of determining calcium 
in the glass batch has been developed. P.B. & ES. 

Direct Tn measurement of individual principal 
stresses. J. H. A. Branrz ANp J. E. SoEHRENS. Jour. 
Physics, 10, (1939). A.P. 

uilibrium phases of the em CaO-Cr,0,;-CaO-- 
Al,O;. F.I. Vasentn. Zhur. Priklad. Khim., 12, 651-54 
(1939).—Several solid solutions are formed. The fusi- 
bility curve is smooth, without minimum and maximum 
points. P.B. & E.S. 

Formation of deposit by electrophoresis. H. C. Ha- 
MAKER. Trans. Faraday Soc., 36 [1] 279-87 (1940).— 
From suspensions of BaCO;, BaSr(CO;)s, a mixed crystal 
(1:1) of BaCO; and SrCO;, MgO, MgCO;, Al,O;, and 
CaF, in certain organic media, it is possible to apply a 
coating of the suspended material by electrophoresis. 
The experimental aspects of this phenomenon were investi- 
gated. Within certain limits, the amount deposited is 
proportional to the time, the surface of the electrode, the 
electric field, and the concentration. H. describes a 
simple method for studying the density of the layers and 
results obtained with it. G.R.S. 

Formation of strontium aluminates from oxides in the 
solid state. W. JANDER AND A. Krigcer. Z. Anorg. & 
Allgem. Chem., 235 [1-2] 89-95 (1937).—Al,O; and SrO 
form four compounds: 3SrO-Al,O;, SrO-Al,O;, SrO-- 
2Al,0;, and 3SrO-16Al,0;. X-ray spectrometry shows 
that SrO-Al,O; is always the primary product when the 
components are heated together in the solid state, no 
matter in what proportions the components are present. 
From this compound 3SrO- Al,O; results without difficulty; 


the other two compounds are not formed under the con- 
ditions of the experiment. W.K 
Fusion-point diagrams of highly refractory oxides: 
VIII, Systems with CeO,.. H. v. WARTENBERG AND K. 
Ecxuarpt. Z. Anorg. & Allgem. Chem., 232 [2] 179-87 
(1937).—The fusion points of CeO, with BeO, CaO, MgO, 
Al,Os, TiO,, ThO,, Fe2Ds, Mn,Os, and Cr,0; and of MgO- 
La,O; and ZrO,-La,O; are presented in diagrams. All 
mixtures gave simple solutions with the exception of Cr,O; 
which forms a compound, CeCrO;. When fused in mix- 
tures, CeO, is reduced to Ce,0O;; when heated by itself it 
is stable and unfusible up to 2600°C. Together with 
ThO, it is the most refractory oxide. The melting point 
of Cr,O; was established as 2435°C. For Part VII see 
Ceram. Abs., 16 [10] 313 (1937). W.K. 
Improved calculator for obtaining tristimulus values from 
spectrophotometric curves. F. W. Sears. Jour. Optical 
Soc. Amer., 29, 77-78 (1939).—A simply constructed 
instrument calculates tristimulus values by the method of 
selected ordinates. A.P. 
Influence of particle size on the physical behavior of 
colloidal ms. H. C. HaMAKER. Trans. Faraday 
Soc., 36 [1] 186-92 (1940).—It is generally assumed that 
the difference between suspensions and colloidal solutions 
is only a difference in particle size; the size of the particles, 
however, is an important factor, as many properties of a 
sol depend on the ratio of forces of different origin which 
act on the particles. Each force varies in its own way 
so that the ratios may be influenced greatly by particle 
size. The forces which may play a part and their de- 
pendence on particle size are discussed. On the basis of 
this analysis, the behavior of colloidal systems under 
gravity or in a centrifuge is discussed. H. specially sug- 
gests that observations on the properties of a deposit 
obtained by centrifuging may provide valuable informa- 
tion concerning the shape of the potential curves valid in 
the sol. Literature dealing with similar problems is dis- 
cussed. G.R.S. 
Influence of transition points upon speed of formation of 
the cobalt spinel from oxides in the solid state. J. A. 
HEDVALL AND L. Lerrier. Z. Anorg. & Allgem. Chem., 
234 [3] 235-36 (1937).—The reactions CoO + AIO; = 
CoO -Al,O; and Co,0; + 3AlL0; = 3(CoO-Al,O;3) + 1/202 
were studied. Al,O; was produced by igniting Al(OH); 
at 800°C. At this temperature Al,O; is in a state of 
transition to y-Al,O;. The mixture of the oxides was 
heated in a stream of nitrogen for 5 and 15 min. The 
results are presented in graphs. The influence of the 
temperature of the transition of y- to a-Al,O; and of 
Co,0; to CoO upon the rate of reaction is clearly visible. 
Dead-burned corundum (a-Al,O;) reacts but slowly. 
W.K. 
Isopachic stress patterns. M. M. Frocur. Jour. 
Apphed Physics, 10, 248-57 1939).—Isopachic (equal 
thickness) stress patterns give the loci of equal sums of 
principal stresses as distinguished from the loci of equal 


1940 


differences given by photoelastic patterns. At present 
they are mainly of scientific interest, since they complete 
the optical solution of two-dimensional stress problems, 
thereby eliminating the need for point-by-point explora- 
tion of the (p + g) values. They can be obtained directly 
from opaque models and may prove useful in the study of 
surface stresses on actual structures in service. The 
methods, theory, and some results obtained with this new 
discussed. on ain A.P 
what does — we ow an timate strength 
of a material depend? O. Mitt. Wohler-Inst. 
Braunschweig, No. 35, pp. 56-70 (1939); abstracted in 
Physik. Ber., 20 [18] 1935-36 (1939).—Discussing the fact 
that each triaxici state of stress can be decomposed into 
two states of stress, viz., one which depends only on the 
elasticity modulus for general normal stress and one which 
depends only on an elasticity constant for stresses without 
change of volume, F. concludes that neither flow limit nor 
ultimate strength is exceeded if only the former state of 
stress occurs, as both beginning of flow and ultimate 
strength depend mainly on the largest shearing stress. 
The mechanical strength of a material depends on the 
magnitude of the second state of stress. M.H. 
Photoelastic method of stress analysis. R.D.MINDLIN. 


Jour. Applied Physics, 10, 273-94 (1939); see Ceram. 

Abs., 18 [10] 276 (1939). A.P. 
Physical chemistry of interfacial reactions. E. WIcKE. 

Z. Ver. Deut. Ing., Beiheft Verfahrenstech., 1939, 127-30; 


Chem. Abs., 34, i8 (1940).—W. discusses the following 
subjects: adsorption, kinetic processes at the interface, 
importance of the interface in reactions of solids, catalysis, 
and energy exchange at the interface. 

Qualitative determination of fluorine in minerals. 
FRANK C. FoLey AND Puitip W. West. Amer. Mineralo- 
gist, 24 [6] 398-99 (1939).—A method for-the quantitative 
determination of fluorine in samples of ground water from 
North Dakota which proved reliable for amounts of less 
than 1 p.p.m. of fluorine has also been used successfully 
for the qualitative determination of fluorine in minerals. 
The procedure is a modification of the zirconium-alizarin 
colorimetric determination of fluorine in water and depends 
on the fading of a zirconium-alizarin lake in the presence 
of fluorine. The pink color fades to yellow, the amount 
and speed of fading being in direct proportion to the 
fluorine present. F.J.Z. 

Radiation properties of different substances in the 
temperature range 250° to 800°C. M. Piranr. Jour. 
Sct. Instrumenis, 16 [12] 372-78 (1939).—P. presents a 
simple method for the comparison of the total radiation 
from sample plates. Quartz glass is used as the reference 
plate. The plate to be measured is placed in a uniformly 
heated chamber until it has acquired the temperature of 
the chamber. It is quickly withdrawn to a position oppo- 
site a thermopile (connected to a galvanometer). A con- 
stant solid angle of radiation is cut out by diaphragms, 
the radiation being mainly measured perpendicular to the 
radiation surface. A correction is applied for the heat 
loss during the withdrawal period and for the different 
time lags due to the measuring device. By this method 
the total radiation of the sample can be compared with 
the radiation of the standard at any temperature. Curves 
obtained for the relative emissivity (black body = 100) by 
this method are given for quartz glass (calculated and by 
experiment), opaque quartz, platinum foil (on quartz), 
thorium oxide, aluminum oxide, zirconium silicate, silicon 
carbide + 25% ball clay, magnesium oxide, Osira glass 
HZ6X, Pyrex brand glass, L; lead glass, X; soda glass, 


HH glass, ball clay 60/40, ball clay 4, and graphite. The 
setup and operation are described in detail. Seven _ 
J.L.G. 


Reactions in the solid state between synthetic and 
mineral chromite of iron and carbonate and oxide of 
magnesium. J. A. Hepvatt AND V. Ny. Z. Anorg. & 


Chemistry and Physics 
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Allgem. Chem., 235 [1-2] 148-52 (1937).—The reaction 
MgO + FeO-Cr,0O; = MgO-Cr,0; + FeO was investi- 
gated, using artificial and mineral iron chromite and mag- 
nesium carbonate and magnesium oxide. The reaction 
proceeds faster and at a lower temperature with the syn- 
thetic product. At 900°C. the reaction is completed to 
about 60%. The size of the material is important. It 
should be finer than the 6400-mesh per cm.* sieve. MgCO; 
acts at a temperature 100° to 150° lower due to the nascent 
state of the oxide. W.K. 
yy forces between charged colloid particles and 
the theory of slow coagulation and stability of lyophobe 
sols. B. Derjacuin. Trans. Faraday Soc., 36 (1) 203-15 
(1940).—A general expression for the free energy of charged 
conductors in electrolytes is given. A method for meas- 
uring the forces of repulsion (pressure) exerted by thin 
polymolecular liquid films is described. The data ob- 
tained in this way show, for glass and other hydrophile 
surfaces, great deviations with theory based on the equa- 
tion of Debye-Huckel at average and high concentrations, 
which points to the presence of a nonelectrostatic mech- 
anism of this effect. For the majority of liquids investi- 
gated, the pressure of a thin film decreases to zero only 
when its thickness is of the order of 0.2 to 0.34, which 
points to the comparatively large radius of action of sur- 
faces upon the neighboring liquid layers. D. gives proof 
that the forces responsible for these effects are neither of 
the nature of Van der Waals’ forces nor of the nature of 
dipole forces. The pressure of thin layers of liquids 
depends to a great extent upon the concentration of dis- 
solved molecules, including nonelectrolytes also, and this 
may be connected with the diffuseness of adsorption 
layers in nonelectrolytic solutions as well. This effect 
may be used to explain the mechanism of the stabilizing 
action of surface-active substances. G.R.S. 
Selenium-cadmium ents for glazes and enamels. 
K. AZzAROv AND L. Fainriper. Zhur. Khim. Prom., 16 
[2] 42-44 (1939).—Best results were obtained with a 
batch consisting of 61.91 cadmium carbonate, 23.81 sulfur 
flowers, and 14.28% metalline selenium, the calcining 
temperature of the pigment being 600°. Pigments con- 
taining zinc oxide showed dark brown shades. Enamel 
coatings containing a bright red pigment showed the best 
results when fired for a short time. The presence of sul- 
furous gases in the sagger atmosphere is detrimental to 
the coloring. The addition of 2 to 6% tin oxide to the 
frit when grinding has no bad effect on the fusibility of 
the coating. The addition of electrolytes (NaCl, MgS0O,, 
CaCh, K,0, B,O;, MgO, and MgCO;) has a very detri- 
mental effect on the coloring, but Glauber’s salt has no 
effect. P.B. & ELS. 


PATENTS 


Manufacture of lead compounds. O. F. 
(Marvin Metals, Inc.). U. S. 2,187,749, Jan. 23, 
(June 25, 1935). 

Manufacture of ae Huco QUERENGASSER (I. 
G. Farbenind. A. ey S. 2,187,822, Jan. 23, 1940 
(July 2, 1937).—A whoa of producing a pigment com- 
prises subjecting an easily water-soluble complex potas- 
sium-iron chromate of the approximate composition 
7K,0 -6Fe,O;-20CrO;-12H,0 to a temperature of between 
about 180° and 220°C. with a corresponding pressure 
ranging between about 10 and about 20 atm. in an auto- 
clave in the presence of between about 1 and 3 parts its 
quantity by weight of water and thereupon separating 
the resulting sparingly water-soluble pigment from the 
mother liquor. 

Manufacture of titanium pigments. British TITAN 
Propucts Co., Lrp., A. G. OppEGAARD, AND C. J. Srop- 
FORD. Brit. 516,369, Jan. 10, 1940 (June 23, 1938). 

Treatment of ores. O. F. Marvin (Marvin Metals, 
Inc.). U.S. 2,187,750, Jan. 23, i940 (July 31, 1936). 
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Comparative researches upon silicosis: I. G. Grr- 
STEL. Arch. Gewerbepath. Gewerbehyg., 5, 249-64 
(1934).—G. presents the synthetic structure of mineral 
dusts involved in his chemical studies upon the lungs of 
industrial workers dying of dust diseases and his detailed 
analytic procedure. II. Jbid., 6, 304—48 (1935).—Results 
of research methods applied to 100 workers for estimates of 
SiO, and TiO, occurring in the lung tissues are reported. 
The results were rigorously tabulated and rechecked. 
III, Aluminum oxide content of the | of 128 silicosis 
cases. Ibid., 8, 277-316 (1937).—G. points out that this 
research series does not exhibit the fundamental lacks 
apparent in previous analytical studies found in the litera- 
ture, in that (1) a sufficiently large number of cases has 
been presented, (2) the entire lungs have been reduced to 
ash, (3) before incineration, every lobe of the lungs was 
separately explored and recorded for foci of infection as 
well as foci-free areas, and (4) the analyses undertaken were 
neither exclusively chemical nor exclusively mineralogical. 
As the lungs are not the only organs eliminating or con- 
verting respired dusts, the lymph nodes, circulatory 
apparatus, kidneys, and respiratory organs other than the 
lungs which participate in the severe phenomenon of sili- 
cosis were studied. Silicic acid estimates in dust-affected 
lungs were made, since the SiO, significance for silicosis 
cannot be doubted; the exact circumstances of its be- 
havior in the lungs, however, were not cleared up. G. 
was the first to show that the mass weight alone of SiO, 
was not the decisive factor in lung injury. Titanic acid 
estimates were undertaken on purely analytical-technical 
grounds, Scheid having noted the enormous number of 
rutile needles in his first lung-ash preparation and Lenzi 
having reported on titanium dusts. It had been hoped 
that the TiO, analyses might prove the rutile needles im- 
portant in the origin of dust disease, but their percentage 
content always remained below 1%. It had also been 
expected that the aluminum oxide analyses would throw 
light on the claims of W. R. Jones that sericite, an alu- 
minum silicate, is the real cause of silicosis. G. reviews 
the basic facts of sericite structure and the chemical reason- 
ing involved. From his experimental procedure he finds 
no proportional relations existing between SiO, and Al,Os;, 
as occurring in lung tissues affected by dust, and therefore 
considers the expectations not justified. Included in the 
reports of the 128 cases are the chemical data and the 
pathologic-anatomic findings as well as results of the Al,O; 
analyses. Fifty of these cases were studied in Part II; 
101 new observations are made upon them, taking into 
account mass values of Al,O; and their earlier content 
values. The total mass of SiO, required estimation as 
well as the content value in determining the inquiry into 
sericite, These 128 cases are studied in tabulated groups 
classified according to the character of the silicosis infec- 
tion. Cases 1 to 50 are pure silicosis; the ages of the 
miners, length of time they had worked in the locality, 
and the clinical aspects and causes of death are given. 
No tubercular complications or those of any other disease 
process were shown in the dust foci of this group. One 
case, a porcelain turner, aged 39, had worked 12 years in 
Bonn and was an average silicotic with no special distress; 
he had occasional angina attacks, tonsillary septic ab- 
scesses, and multiple lung abscesses. Small individually 
located dust foci were found in all the Icbes of his lungs, 
with apple-sized nodules in the right upper lobe; some 
hypertrophy was present in the right heart chamber. 


Other carefully studied classifications were 78 cases of lung 
tuberculosis superimposed upon or associated with sili- 
cosis, with and without cavities in both lungs or in only 
one; the data were extremely particularized. Case 128 
was another porcelain worker, aged 53, who had worked 
23 years in various phases of porcelain fabrication and 
whose average grade of silicosis was associated with a 
one-sided cavernous tuberculosis of the lung. Ten results 
of these researches are summarized. Aluminum values 
had no relation to SiO; values. No relation existed be- 
tween the severity of the silicosis and the Al,O; content 
of the lungs, their lobes, or their nodules. Repeated 
analysis of dust needles found in lung dusts showed that 
they could not be sericite, either wholly or fractionally. 
In no case did a definite relation exist between the silicate 
content of sericite and the SiO, masses. Certain marked 
differences between pure silicotics and silicotuberculous 
cases are elaborated in respect to individual ways of re- 
acting to dust masses and the sizes of dust foci. In the 
case of a manganese-ore crusher where the severest lung 
inflammation was found, no manganese could be or 
in the lungs. 

Deficiencies of smoke stacks, their tracing and olisine- 
tion. R.Satomon. Gesundh.-Ing., 61 [3] a 

W.D 

Heat insulation. E. A. Atitcur. Jour. Can. ae. 
Soc., 8, 4-9 (1939).—In considering heat insulators, the 
important factors are high resistance to the passage of 
heat, low first cost, durability, and resistance to fire, 
moisture, and vermin. A. discusses the advantages and 
disadvantages of various methods of insulation and points 
out the discrepancies in the published data on insulating 
materials. .G.P. 

Plant layout. A.Sanxorr. Jour. Can. Ceram. Soc., 8, 
58-68 (1939).—S. defines what plant layout involves, dis- 
cusses the most recent layout installed at the Canadian 
Westinghouse Co., and comments on the equipment in- 
stalled in both the shop and the laboratory. J.G.P. 

Research in industry. FrRanK B. Jewett. Sé. 
Monthly, 48 [3] 195-202 (1939).—Industrial research is of 
two kinds: (1) work of a fundamental character on prob- 
lems which, if successfully solved, will be of advantage to 
the industry at some more or less distant future time, and 
(2) work concerned with the problems of current operation. 
This type arises either because the research laboratory is 
set up to do it or because problems arise in current opera- 
tion which are beyond the capacity of the operators to 
cope with. H.E.S 

Steam-heating systems in plants. O. 
Gesundh.-Ing., 61 (6) 83 (1938).—Calculations and con- 
structions for central steam-heating systems are described. 
L. concludes that the central steam-heating system is 
specially suitable for plant heating and states reasons. 

W.D.K. 

Treatment of injuries from hydrofluoric acid. 
ZsScCHACKE. Glashiitte, 69 [34] 587-88 (1939).—Every 
plant working with hydrofluoric acid should be provided 
with agents for treating even the slightest burn or injury; 
a solution of milk of lime (calcium hydroxide) should be 
used to wash the most trivial sprinkling of acid on the skin, 
and a paste of magnesium oxide and glycerin should be 
applied. For deep burns a solution of calcium-gluconate- 


lactobionate for subcutaneous injection is recommended. 
M.V.C. 
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Secretary: 'D. F. Albery, 1296 Arnold St., N. W., 
Canton, Ohio 


White Wares 
Chairman: Karl Schwartzwalder, AC Spark Plug 
Co., Flint, Mich. 


Secretary: Harry Thiemecke, Homer Laughlin China 
Co., Newell, West Va. 


OFFICERS OF THE FELLOWS 


Dean: S.R. York State College of 
Ceramics, Alfred, t 

Associate Dean: ‘Schramm, Onondaga Pot- 
tery Co., Syracuse, N. Y. 

Secretary-lreasurer: T. N. McVay, University of 
Alabama, University, Ala. 


INSTITUTE OF CERAMIC ENGINEERS 


President: J. L. Carruthers, Ohio State Univ., 
Columbus, Ohio 

Secretary: S.J. McDowell, General Ceramics Co., 
Keasbey, N. J 


CERAMIC EDUCATIONAL COUNCIL 


President: J. W. Whittemore, Virginia Polytechnic 
Inst., Blacksburg, Va. 

Secretary: Lane Mitchell, Georgia School of Tech- 
nology, Atlanta, Ga. 


LOCAL SECTIONS 


Baltimore- Washington 
Chairman: J. D. Tetrick, Baltimore Enamel & 
Novelty Co., Baltimore, Mad. 
Secretary: Kenneth M. Smith, Severn Clay Co., 
2618 St. Paul St., Baltimore, Md 
Central Ohio 
Chairman: C. J. Koenig, O.S.U. Eng. Expt. Ste., 
Columbus, Ohio 
Secretary: M. C. Shaw, Edward Orton, Jr. Ce- 
ramic Columbus, Ohio 
Chicago 
President: A.L. Vodicka, Aetna Porcelein Enamel- 
ing Co., Chicago, Ill. 
Secretary: Rexford Newcomb, Jr., Industrial Publi- 
cations, Inc., Chicago, Ill 
Michigan-Northwestern Ohio 
Chairman: L. G. Tait, Champion Spark Plug Co., 


Detroit, Mich. 
Secretary: z A. Foster, Ford Motor Co., Dear- 
Mich. 
Northern California 
Chairman: C. W. Kraft, Kraftile Co., Niles, Calif. 
Secretary: G. A. Page, Stockton Fire Brick Co., 
Pittsburg, Calif. 
Pacific-Northwest 
Chairman: O. K. Edwards, Willamina Clay Prod- 


ucts Co., Portland, Ore. 
Secretary: K. G. Skinner, Northwest Expt. Station, 
U.S. Bureau of Mines, Seattle, Wash. 
Pittsburgh 
Chairman: J. R. Beam, Universal Sanitary Mfg. Co., 
New Castle, Pa. 
ates G. J. Bair, Mellon Institute, Pittsburgh, 
‘a 


Southern California 
Chairman: F. A. McCann, Pacific Clay Products 
Co., Los Angeles, Calif. 
Secretary: J. E. Stevens, Emsco Refractories Co., 
South Gate, Calif. 
St. Louis 
Chairman: P. G. Herold, Missouri School of Mines 
Rolla, Mo 
Secretary: A. J. Paul, Laclede-Christy Clay Prod- 
ucts Co., St. Louis, Mo. 


burgh, Pa. 
Glass 
Cc. 


